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(57) The first step of simultaneously effecting, in a 
reaction liquid comprising a solution containing a vinyl 
carboxylate polymer and, added to the solution, a first 
metal alkoxide (I) and/or an oligomer (I) derived from the 
metal alkoxide (I), saponification of said vinyl carboxy- 
late polymer and reaction in which at least part of the 
functional groups contained in said metal alkoxide (I) 
and/or oligomer (I) participates, to obtain a vinyl alcohol 
polymer composition (I); and 

the second step of preparing a solution (A) containing 



the vinyl alcohol polymer composition (I) obtained in the 
first step, adding to the solution (A) a second metal 
alkoxide (II) and/or an oligomer (II) derived from the met- 
al alkoxide (II) or another solution (B) containing the 
metal alkoxide (II) and/or the oligomer (II) derived from 
the metal alkoxide (II), to prepare an intermediate prod- 
uct solution (C), and then removing the solvent from the 
obtained solution (C), to produce a vinyl alcohol polymer 
composition (II). The vinyl alcohol polymer compositions 
obtained by the above process have excellent gas-bar- 
rier properties. 
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Description 

[0001] The present invention relates to a process for producing vinyl alcohol polymer compositions having excellent 
gas-barnerpropert.es, in particular excellent gas-barrier properties under high-humidity conditions, said process having 
commercial advantages with good operational stability. 

[0002] Materials for packaging foods and other various items are often required to have good gas-barrier properties 
in particular good oxygen gas-barrier property, in order to prevent the contents from being degraded by for examole' 
oxidation with oxygen or like oxidants. Especially on packaging foods, presence of oxygen causes microorganisms to 
proliferate and rot the contents. Conventional packaging materials for foods are therefore provided with a qas-barrier 
layer to protect the contents against penetration of oxygen or the like. 
[0003] Examples of such a gas-barrier layer are metal foils and layers on which a metal or metal compound has 
been deposited. In general, aluminum foils and layers on which aluminum has been deposited are used for this purpose 
However, use of these metals causes the contents to become invisible and the packaging materials to become difficult 
to dispose after use. 

'5 [0004] Vinyl alcohol polymers having good gas-barrier properties, such as polyvinyl alcohol and ethylene-vinyl alco- 
hol copolymer are sometimes used as the gas-barrier layer. These vinyl alcohol polymers have the advantages of 
being transparent and causing fewer problems on disposal after use, so that they have been applied to wider range 
of uses. a 

[0005] These vinyl alcohol polymers show good gas-barrier properties because they crystallize due to hydrogen 
bonding of hydroxyl groups present in their molecules. They exhibit therefore good gas-barrier properties when they 
are dry. However, it is known that, when they have absorbed moisture such as water vapor present in the surrounding 
atmosphere, which loosens the hydrogen bonds, they tend to become poor in gas-barrier properties. As a result it is 
difficultto prov,deconventional vinylalcohol polymers, such as polyvinyl alcohol, with satisfactory gas-barrier properties 
even under high-humidity conditions. K 
[0006] A method for decreasing the moisture-absorbing property of vinyl alcohol polymers comprises copolymerizing 
an olefin such as ethylene, yielding ethylene-vinyl alcohol copolymer. However, this kind of copolymerization which 
decreases the content of vinyl alcohol units, tends to impair the inherent gas-barrier properties. Consequent this 
c n ondi?ions ann0t Pr ° dU ° e ^ a ' C ° h01 P °' ymerS haVin9 9 ° OCl 9 as - ba ™r properties under both dry and high-humidity 

30 I" r H Cenl yearS ' 8 pr0C6SS f ° r P re P arin 9 organic/inorganic complexes comprising an organic polymer and a 

metal ox.de dispersed relatively finely in the polymer has been proposed. This process comprises, making use of what 
is known as sol-gel process, polycondensing a metal alkoxide such as a silicon alkoxide in the presence of an organic 
polymer For example, Japanese Patent Nos. 2446940 and 2880654 disclose a composition obtained, in order to 
produce v.nyl alcohol polymer-based materials possessing improved water resistance, by a process which comprises 
hydrolyz.ng and polycondensing a tetraethoxysilane in the presence of polyvinyl alcohol and/or ethylene-vinyl alcohol 
copolymer and a s.lane-coupling agent. Japanese Patent Application Laid-open No. 278968/1 997 discloses a compo- 
s.t.on obta.ned by hydrolyzing and polycondensing tetraethoxysilane in the presence of a silyl-modified vinyl alcohol 
polymer modrf.ed with a readable silane compound such as triethoxychlorosilane. Japanese Patent Application Laid- 
open No. 1515/1 998 d.scloses a silyl-modified vinyl alcohol polymer composition obtained by hydrolyzing with hydro- 
chloric ac.d a copolymerized product of a polymerizable silane compound (e.g. vinyltrimethoxysilane) and a vinyl car- 
boxylate (e.g. v.nyl acetate). ' 

[0008] According to the study made by the present inventors, it has been found that with the compositions described 
m he above Japanese Patent Nos. 2446940 and 2880654, there occurs poor phase separation condition (i.e. increase 
« polJmeT P Separation) " which is considered to be due to high crystallinity of the starting material vinyl alcohol 

5™™?! co ™ positions described in the above Japanese Patent Application Laid-open Nos. 278968/1997 and 
1515/1998 have been found to be still insufficient in water resistance, although they have improved the condition of 
phase separat.on to some extent. This is attributable to non-uniformity in the positions of introduction of the modifying 
groups as caused by different reactivity of the hydroxyl groups present in the vinyl alcohol polymer and by poor copo 
lymerizability of the polymerizable silane compound and vinyl carboxylate compound 

[0010] It has also been found as the results of the study made by the present inventors, that the compositions de- 
scribed ,n Japanese Patent Nos. 2446940 and 2880654 and Japanese Patent Application Laid-open Nos. 278968/1 997 
and 1515/1998 g.ve, when used as coating agents, solutions having poor stability and being unstorable for a long 

« mT d I!"" 6 ' ,herebV tendin9 1 ° ° aUSe P °° r a PP' icabilit y. un *ven ^ting and uneven and poor gas-barrier properties 
[0011] Accord.ngly, an object of the present invention is to provide a process for producing vinyl alcohol polymer 
crdmonr 8 9 eXOe " en1 9 as - barrier Properties, in particular excellent gas-barrier properties under high-humidity 
[0012] Another object of the present invention is to provide a coating agent comprising an intermediate product in 
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the above process, said intermediate product having excellent storage stability and being able to yield, according to 
the above process, vinyl alcohol compositions having excellent gas-barrier properties, in particular excellent gas-barrier 
properties at high humidities. 

[0013] Still another object of the present invention is to provide a laminate obtained by applying the above coating 
5 agent, said laminate having minimal application unevenness. 

[0014} — Yet another object or the present invention is Lo provide a gas-barrier material uompiisiny the above laminate 

as a component, said material having excellent gas-barrier properties, in particular excellent gas-barrier properties 
under high-humidity conditions. 

[0015] As a result of an intensive study to solve the above problems, the present inventors found that the above 
10 objects can be achieved by providing a process which comprises saponifying a vinyl carboxylate polymer in the pres- 
ence of a metal alkoxide and/or an oligomer derived from the metal alkoxide, to obtain a vinyl alcohol polymer com- 
position, and then further adding to a solution containing the composition the same or other metal alkoxide and/or 
oligomer derived therefrom or solutions containing these and removing the solvent, to obtain the desired vinyl alcohol 
polymer composition. The present invention was completed based on this finding. 
15 [001 6] The present invention thus provides a process for producing vinyl alcohol polymer compositions, which com- 
prises: 

the first step of simultaneously effecting, in a reaction liquid comprising a solution containing a vinyl carboxylate 
polymer and, added to the solution, a first metal alkoxide (I) and/or an oligomer (I) derived from the metal alkoxide 
20 (i), saponification of said vinyl carboxylate polymer and reaction in which at least part of the functional groups 

contained in said metal alkoxide (I) and/or oligomer (I) participates, to obtain a vinyl alcohol polymer composition 
(I); and 

the second step of preparing a solution (A) containing the vinyl alcohol polymer composition (I) obtained in the 
first step, adding to the solution (A) a second metal alkoxide (II) and/or an oligomer (II) derived from the metal 
25 alkoxide (II) or another solution (B) containing the metal alkoxide (II) and/or the oligomer (II) derived from the metal 

alkoxide (II), to prepare an intermediate product solution (C), and then removing the solvent from the obtained 
solution (C), to produce a vinyl alcohol polymer composition (II). 

[0017] The present invention further provides a coating agent comprising the intermediate product solution (C) in 
30 the above process. 

[0018] The present invention still further provides a laminate having a layer comprising the vinyl alcohol polymer 
composition obtained by the above process. 

[0019] The present invention yet further provides a gas-barrier material comprising the vinyl alcohol polymer com- 
position obtained by the above process. 

35 [0020] The present invention is now described in detail. 

[0021] The process for producing vinyl alcohol polymer compositions according to the present invention comprises 
the above two steps. In what follows, the above "metal alkoxide (I) and/or oligomer (I) derived from the metal alkoxide 
(I)" and "metal alkoxide (II) and/or oligomer (II) derived from the metal alkoxide (II)" are sometimes inclusively referred 
to as "metal alkoxide component (I)" and "metal alkoxide component (II)", respectively. 

40 [0022] The metal alkoxide component (I) and metal alkoxide component (II) used in the first and second steps of the 
process of the present invention is at least one member selected from the group consisting of silicone alkoxides, at 
least one metal alkoxides other than silicone alkoxides, oligomers derived from silicone alkoxides, oligomers derived 
from at least one metal alkoxides other than silicone alkoxides, and oligomers derived from silicone alkoxides and at 
least one metal alkoxides other than silicone alkoxides. 

45 [0023] In the present invention, it is desirable, although not limited thereto, to use as at least one component of the 
metal alkoxide component (I) and metal alkoxide component (II) a silicone alkoxide and/or an oligomer derived from 
a silicone alkoxide. This use leads to high storage stability of the above solutions (A), (B) and (C) and to good gas- 
barrier properties under high humidity, little unevenness in the gas-barrier properties and high bending resistance of 
the resulting vinyl alcohol polymer composition (II). The metal alkoxide component (I) and the metal alkoxide component 

so (||) may be either the same or different. 

[0024] The above silicone alkoxides preferably have a chemical structure comprising a silicone atom and 2 to 4 
alkoxy groups bonded to the silicone atom. The number of the alkoxy groups bonded to the silicone atom is more 
preferably 3 or 4, particularly preferably 4. Examples of the alkoxy groups are methoxy : ethoxy, propoxy, isopropoxy 
and butoxy. Where the number of alkoxy groups bonded to the silicone atoms is 2 or 3, the silicone atom is further 

55 bonded to an alkyl group (e.g. methyl, ethyl, propyl, isopropyl and butyl), aryl group (e.g. phenyl and naphthyl), halogen 
atom (e.g. chlorine and fluorine). Concrete examples of the silicone alkoxides are tetramethoxysilane, tetraethoxysi- 
lane, methyltrimethoxysilane, ethyltrimethoxysilane, octyltrimethoxysilane, phenyltrimethoxysilane and chlorotrimeth- 
oxysilane. Of these, tetramethoxysilane and tetraethoxysilane are preferred. 



3 



.DOCID: <EP 1176155A1_|_> 



EP 1 176 155 A1 



40 



45 



50 



55 



[0025] The above metal alkoxides other than silicone alkoxides preferably have a chemical structure comprising a 
di- or more vaient. more preferably tri- or tetravalent metal atom, e.g. titanium, aluminum and zirconium, and at least 
one. more preferably at least 2, most preferably at least 3 alkoxy groups bonded to the metal atom. Examples of the 
alkoxy groups and substituting groups other than alkoxy groups bonded to the metal atom are the same as already 
grven above for silicone alkoxides. Concrete examples of the metal alkoxides are alkoxy titanium compounds e q 
loiramelhoxyt.tan.um, tetraethoxytitanium, tetra- isopropoxytitanium and methyltriisopropoxytitanium; alkoxyalum'inum 
compounds, e.g. tnmethoxyaluminum, triethoxyaluminum, triisopropoxyaluminum, methyldiisopropoxyaluminum trib- 
utoxyaluminum and diethoxyaluminum chloride; and alkoxyzirconium compounds, e.g. tetraethoxyzirconium tetraiso- 
propoxy/ircomum and methyltriisopropoxyzirconium. 
io [0026] Whore excellent gas-barrier properties are strongly desired, good results are often obtained with the metal 
alkox.de component (I) and metal alkoxide component (II) containing no aryl group or halogen atom. That is it is 
desirable to suppress use of, more preferably not to use at all, such a metal alkoxide as phenyltrimethoxysilane or 
chlorolnmothoxysilane. 

[0027] The oligomers derived from silicone alkoxides, oligomers derived from at least one metal alkoxides otherthan 
silicone alkoxides. and oligomers derived from silicone alkoxides and at least one metal alkoxides other than silicone 
alkoxides are obtained by hydrolyzing and condensing by the known process at least one metal alkoxide selected from 
the group consist.ng of silicone alkoxides and at least one metal alkoxides other than silicone alkoxides, singly or after 
nrx.ng of 2 or more types. Examples of the oligomers derived silicone alkoxides are dimer or at least trimer of tetram- 
elhoxys.lane. d,mor or at least trimer of telraethoxysilane and oligodimethylsiloxane. Of these, dimer or at least trimer 
of tet.amethoxysilane, and dimer or at least trimer of telraethoxysilane are preferably used. The degree of polymeri- 
ze ^O^ 0 °" 9 ° merS iS ' n0t necessaril V limited lh ou9h, preferably in a range of 2 to 25, more preferably in a range 

[0028] The above oligomers derived from at least one metal alkoxides otherthan silicone alkoxides, and oligomers 
derived from a sil.conc alkoxide and at least one metal alkoxides otherthan silicone alkoxides are preferably those 
obtainable by hydrolyzing and condensing by the usual method one compound alone or a mixture of at least 2 com- 
pounds having a chemical structure comprising a silicone and/or a di- ormore, more preferably tri- ortetravalent metal 
atom other than silicone atom, e.g. titanium, aluminum and zirconium, and, bonded thereto, at least one more prefer- 
ably at least 2, most preferably at least 3 alkoxy groups. Preferred examples of the oligomers are dimer and at least 
trimer of tetraisopropoxytitanium. The degree of polymerization of these oligomers is, not necessarily limited though 
preferably in a range of 2 to 25, more preferably in a range of 2 to 1 0. 

[0029] With the metal alkoxide component (I) and metal alkoxide component (II) used in the process of the present 
invention ,t is desirable, in view of the resulting vinyl alcohol polymer compositions (II) having good gas-barrier prop- 
erties, httle unevenness in the gas-barrier properties and good bending resistance, that the weight after removal by 
thermal decomposition of organic components contained in the vinyl alcohol polymer compositions (II) based on the 
v.nyl alcohol polymer compositions (II) be in a range of 10 to 70% by weight, more preferably in a range of 15 to 65% 
by weight, most preferably in a range of 20 to 60% by weight. 

m°?°H J iS d , eSir ^' e that thS m ° lar rati ° b6tWeen the metal atom <') c °"*ained in the metal alkoxide component 
(I) and the metal atom (I ) contained in the metal alkoxide component (II) be, in order that the inorganic components 
generated from the metal alkox.de component (II) will disperse finely and uniformly in the resulting vinyl alcohol polymer 
composite (II) and that the vinyl alcohol polymer composition will have good gas-barrier properties under high hu- 
midity, ,n a range of 0.01 to 1 8,000, more preferably in a range of 0.1 to 5,000, still more preferably in a range of 1 to 
1 ,000, most preferably in a range of 1 to 500. a 
[0031] In the first step of the process of the present invention, in a reaction mixture comprising a solution containing 
a vinyl carboxylate polymer and, added thereto, the above metal alkoxide component (I), saponification of the vinyl 
carboxylate and reaction in which at least part of the functional groups present in the metal alkoxide component (I) are 
simultaneously earned out, to obtain a vinyl alcohol polymer composition (I) 

[0032] The vinyl carboxylate polymer used in the first step of the process of the present invention is a polymer com- 
pns.ng units from a v.nyl carboxylate and includes addition polymers of the vinyl carboxylate alone and addition copol- 
ymers of the vinyl carboxylate and other comonomers. Preferred examples of vinyl carboxylates are vinyl acetate vinyl 
prop.onate and vinyl 2-methylpropionate, of which vinyl acetate is particulariy preferred. Examples of the comonomers 

'! » T" 9 ,' °S pr0pylene and 1butene ; vin V ethers . *9 ™thyl vinyl ether, ethyl vinyl ether and t-butyl 
v nyl ether; allyl alcohol: and vmyltrimethylsilane, of which ethylene is particularly preferred. Examples of vinyl carbox- 
ylate polymers preferably usable for the process of the present invention are polyvinyl carboxylates, e.g. polyvinyl 
acetate and polyvinyl propionate, and ethylene-vinyl carboxylate copolymers, e.g. ethylene-vinyl acetate copolymer 
and ethylene-vinyl propionate copolymer, of which polyvinyl acetate and ethylene-vinyl acetate copolymer are partic- 
uiarly preferred. r 

[0033] Use of an ethylene-vinyl carboxylate copolymer as the vinyl carboxylate polymer leads to production of vinyl 
alcohol polymer compositions (II) having well-balanced gas-barrier properties both under low-humidity and high-hu- 
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midity conditions and to the solutions (A) and (C) having good storage stability. In view of the above good balance of 
the gas-barrier properties and good storage stability of the solutions, it is desirable that the content of ethylene units 
in the ethylene-vinyl carboxylate copolymer used be ; based on the moles of total monomer units, in a range of 0 5 to 
80 mole %, preferably in a range of 1 to 70 mole %, more preferably in a range of 3 to 60 mole %, most preferably in 
a range of 3 to 25 mole %. 

l° 034 J i ne vinyl carpoxyiate polymer usea in the first step of the process of the present invention may have any 
degree of polymerization with no specific limitation and may have a low degree through a high degree of polymerization 
However, the vinyl carboxylate polymer preferably has a degree of polymerization in a range of 500 to 10 000 more 
preferably in a range of 800 to 6,000, most preferably in a range of 1 ,000 to 3,000, which insures that the resulting 
vinyl alcohol polymer composition (II) has good gas-barrier properties and excellent mechanical properties and proc- 
essability. r 

[0035] Besides, the vinyl carboxylate polymer used in the first step of the process of the present invention may, within 
limits not to impair the effects of the present invention, have been modified by, for example, silyl group-modification or 
boronic acid-modification. In this case, in order that the obtained vinyl alcohol polymer compositions (II) will have less 
unevenness in the gas-barrier properties, the modification ratio is desirably not more than 1 mole %, more preferably 
not more than 0.1 mole %, still more preferably not more than 0.01 mole %, most preferably unmodified. It is often the 
case that, on modification of vinyl carboxylate polymers, no content of double bonds or halogen atoms in the vinyl 
carboxylate polymers leads to desirable results. This is due to the fact that vinyl carboxylate polymers containing 
readable double bonds such as vinyl group and allyl group or halogen atoms will, on saponification, become modified 
vinyl alcohol polymers, which will then be partially crosslinked by action of these groups or atoms. As a result, the 
resulting vinyl alcohol polymer compositions (II) tend to have poor storage stability in the form of solutions and do not 
exhibit gas-barrier properties to high levels. 

[0036] Furthermore, with the vinyl carboxylate polymer used in the first step : part of the acyloxy groups originating 
from the vinyl carboxylate monomer units may have been saponified into hydroxyl groups. In this case, in view of the 
gas-barrier properties of the resulting vinyl alcohol polymer compositions, the saponification degree of the vinyl car- 
boxylate polymer is preferably not more than 50 mole %, more preferably not more than 1 0 mole %, most preferably 
not more than 1 mole %. 

[0037] In the first step of the process of the present invention, the saponification of a vinyl carboxylate polymer 
produces the corresponding vinyl alcohol polymer. The acyloxy groups originating from the vinyl carboxylate monomer 
units present in the vinyl carboxylate polymer are converted into hydroxyl groups and, at the same time, there are 
formed as byproducts carboxylic acid-based compounds (generally, at least one member selected from' the group 
consisting of carboxylic acids, carboxylic acid esters and carboxylic acid salts, although these may differ depending 
on the types of the organic solvent and catalyst used and like conditions). 

[0038] On the other hand, the reaction in which at least part of the functional groups contained in the metal alkoxide 
component (I) participates comprises dehydration and condensation of the functional groups contained in the metal 
alkoxide component (I). The reaction includes that intra- reaction of the metal alkoxide component (I) and inter-reaction 
ymeT 9 " ^ ^ Carb ° Xy,ate po, y mer and/or saponified products (vinyl alcohol polymer) of the vinyl carboxylate pol- 

[0039] By effecting, in the same reaction zone, the above saponification of the vinyl carboxylate polymer and in 
parallel therewith, the reaction in which at least part of the functional groups contained in the metal alkoxide component 

(I) participates, the resulting vinyl alcohol polymer-composition (II) has good gas-barrier properties under high-humidity 
conditions. In what follow, the saponification of the vinyl carboxylate polymer and the reaction in which at least part of 
the functional groups contained in the metal alkoxide component (I) participates, in the first step of the process of the 
present invention, are sometimes inclusively referred to as "saponification in the first step of the process of the present 
invention". 

[0040] With respect to the amounts used, on effecting the saponification in the first step of the process of the present 
invention, of the vinyl carboxylate polymer and metal alkoxide component (I), it is desirable to use these in such amounts 
that the metal atom in the metal alkoxide component (I) becomes 0.01 to 75 moles based on 100 moles of the acyl 
group originating from the vinyl carboxylate monomer unit present in the vinyl carboxylate polymer. Use of at least 0.01 
mole of the metal atom in the metal alkoxide component (I) based on 100 moles of the acyl group originating from the 
vinyl carboxylate monomer unit present in the vinyl carboxylate polymer results in good gas-barrier properties under 
high humidity of the resulting vinyl alcohol polymer composition (II). Use of not more than 75 moles of the metal atom 
in the metal alkoxide component (I) based on 1 00 moles of the acyl group originating from the vinyl carboxylate monomer 
unit present in the vinyl carboxylate polymer insures that the resulting vinyl alcohol polymer composition (II) has little 
unevenness (variation in the gas-barrier properties on storage of solution (C)) and can maintain the gas-barrier prop- 
erties at high level even after exposure to repeated bending. In view of the resulting vinyl alcohol polymer composition 

(II) achieving higher level of gas-barrier properties, less property unevenness and maintaining its gas-barrier properties 
at higher level after exposure to repeated bending, the amount used of the metal alkoxide component (I) is desirably 
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set such that the amount of metal atom present in the metal alkoxide component (I) and based on 100 moles of the 
acyl group originating from the vinyl carboxylate monomer unit present in the vinyl carboxylate polymer becomes in a 
range of 0.01 to 50 moles, more preferably in a range of 0.1 to 20 moles, most preferably in a range of 0.1 to 1 0 moles. 
[0041] In the saponification in the first step of the process of the present invention, one can use various catalysts 
known for the usual saponification. Examples of usable catalysts are acidic catalysts, e.g. hydrochloric acid, sulfuric 
acid, p-toluenesulfonic acid, benzoic acid, acetic acid, lactic acid, carbonic acid, oxalic acid and maleic acid; and basic 
catalysts such as alkali metal hydroxides, e.g. sodium hydroxide and potassium hydroxide, alkali earth metal hydrox- 
ides, e.g. magnesium hydroxide and calcium hydroxide, and amines, e.g. ammonia, triethylamine and ethylenediamine. 
These catalysts may be used either singly or in combination. 

[0042] In view of the coating performance (viscosity and appearance of coating film) of the obtained solution (C) and 
the gas-barrier properties of the resulting vinyl alcohol polymer compositions (II), it is generally desirable to use, for 
the saponification in the first step, a basic catalyst, in particular at least one compound selected from alkali metal 
hydroxides and alkali earth metal hydroxides. More specifically, it is preferred to use at least one compound selected 
from the group consisting of sodium hydroxide, potassium hydroxide, calcium hydroxide and magnesium hydroxide. 
The amount of the catalyst used is, not necessarily restricted though, preferably in a range of 0.001 to 0.1 mole based 
on the sum of moles (total moles) of the alkoxy group in the metal alkoxide component (I) used and the acyl group 
originating from the vinyl carboxylate monomer unit present in the vinyl carboxylate polymer used, more preferably in 
a range of 0.01 to 0.08 mole on the same basis. 

[0043] Where an alkali metal compound and/or alkali earth metal compound such as alkali metal hydroxide and/or 
alkali earth metal hydroxide is used as a catalyst for saponification in the first step of the process of the present invention 
the vinyl alcohol polymer composition (I) obtained in the first step sometimes contains as byproducts carboxylic acid 
salts, in particular alkali metal salts and/or alkali earth metal salts as represented by sodium acetate, potassium acetate, 
sodium propionate, potassium propionate and the like. In view of the storage stability of solutions (A) and (C) and the 
gas-barrier properties of the resulting vinyl alcohol polymer composition (II), it is desirable that the total amount of such 
carboxylic acid salts be, based on the dry weight of the vinyl alcohol polymer composition (I), not more than 5% by 
weight, more preferably not more than 2% by weight, most preferably not more than 1 % by weight. In order to dry the 
vinyl alcohol polymer composition (I), vacuum drying or like known processes can be used, and for example vacuum 
drying at 65°C for 24 hours is sufficient for the purpose. The content of the carboxylic acid salts can be adjusted by 
for example controlling the amount of catalyst used in the first step, washing the vinyl alcohol polymer composition (I) 
with an alcohol, a mixed alcohol/water or like solvents by known process, and/or like means. 

[0044] On effecting saponification in the first step of the process of the present invention, it is possible, by controlling 
the water content in the reaction zone, to obtain better results in the gas-barrier properties, solubility and solution 
stability of the resulting vinyl alcohol polymer composition (II). It is desirable that the water content in the reaction zone 
based on the weight of the reaction mixture be, although not necessarily limited thereto, in a range of 300 to 200 000 
ppm, more preferably in a range of 2,000 to 100,000 ppm, still more preferably in a range of 3,000 to 80 000 ppm 
most preferably in a range of 3,000 to 60,000 ppm. 

[0045] The saponification in the first step of the process of the present invention uses a solution (sol) comprising a 
vinyl carboxylate polymer and a metal alkoxide component (I) dissolved in an organic solvent. Any organic solvent 
capable of sufficiently dissolving both the vinyl carboxylate polymer and the metal alkoxide component (I) may with 
no particular restrictions, be used for this purpose. It is however desirable to use an alcohol, e.g. methanol, ethanol 
propanol and butanol; an amide, e.g. dimethylformamide and dimethylacetamide; or a sulfoxide, e.g. dimethyl sulfoxide' 
These solvents may be used either singly or in combination of 2 or more. Among the above, methanol, ethanol dimethyl 
sulfoxide and the like are particularly preferred. The amount of the organic solvent used is, not necessarily restricted 
though, preferably in a range of 20 to 2,000 parts by weight based on 100 parts by weight of the total weight of the 
vinyl carboxylate polymer and metal alkoxide component (l)used, more preferably in a range of 100 to 1 000 parts by 
weight on the same basis. Where it is desired to decrease the ratio of remaining acyl group originating from the vinyl 
carboxylate monomer unit contained in the vinyl carboxylate polymer used, present in organic polymers (desired prod- 
uct or its intermediates derived on saponification of the vinyl carboxylate polymer used), one may suitably use a ho- 
mogeneous solvent containing at least 5% by weight of an organic solvent having affinity with the vinyl alcohol polymer 
generated on saponification of the vinyl carboxylate polymer. 

[0046] On effecting the saponification in the first step of the process of the present invention, the reaction temperature 
is, not necessarily restricted though, generally in a range of 20 to 100°C, preferably in a range of 30 to 60°C The 
reaction time, which may differ depending on the type and amount the catalyst and like reaction conditions, is generally 
in a range of 0.01 to 1 0 hours, preferably in a range of 0.01 to 5 hours, more preferably in a range of 0.02 to 3 hours 
The reaction can be performed under any atmosphere with no particular restrictions, and generally performed under 
air, nitrogen stream or like atmospheres. 

[0047] In the process of the present invention, the second step succeeding the first step comprises preparing a 
solution (A) containing the vinyl alcohol polymer composition (I) obtained in the first step, adding to the solution (A) a 
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metal alkoxide (II) and/or an oligomer (II) derived from the metal alkoxide (II), or another solution (B) containing the 
metal alkoxide (II) and/or the oligomer (II) derived from the metal alkoxide (II), to prepare an intermediate product 
solution (C), and then removing the solvent from the solution (C) f to obtain the desired vinyl alcohol polymer composition 
(M). 

5 [0048] In the above second step, as the solution (A) containing the vinyl alcohol polymer composition (I) obtained in 
the first step, one can use either the reaction mixture obtained by the saponification of the first step of the present 
invention as it is, or a solution obtained by adding a solvent to the reaction mixture or by removing the solvent from 
the reaction mixture to adjust the concentration. The solvent removal can be carried out by any known method as 
represented by filtration and evaporation. As the solvent to be added, water and/or sulfoxides such as dimethyl sulfoxide 

10 and as necessary other organic solvents can be used. Examples of the organic solvents other than sulfoxides are the 
above alcohols and amides usable on the saponification in the first step of the process of the present invention. 
[0049] Of the above processes, in view of the storage stability of the solution (C) and the gas-barrier properties of 
the resulting vinyl alcohol polymer composition (II), it is preferred, in orderto adjust the amount of carboxylic acid salts 
present in the vinyl alcohol polymer composition (II), to remove by filtration or like means the solvent from the reaction 

15 mixture obtained by the saponification in the first step, wash the obtained solid matter with an alcohol, a mixed alcohol/ 
water or like solvents by the usual procedure, and then add water and/or a sulfoxide such as dimethyl sulfoxide and, 
as necessary, other organic solvents simitar to the above, to prepare the solution (A). 

[0050] In the second step of the process of the present invention, it is desirable, in view of the gas-barrier properties 
of the vinyl alcohol polymer composition (II), to select, on addition of a metal alkoxide component (II) or its solution (B) 
20 to the solution (A), an oligomer (II) derived from a metal alkoxide (II) as the metal alkoxide component (II) to be added. 
It is more preferred to select an oligomer (II) derived from a reaction mixture containing a metal alkoxide (II), an acid 
catalyst, water and as necessary an organic solvent. 

[0051] As the acidic catalyst used in the second step, any known acid catalyst is usable. Examples of usable catalysts 
are hydrochloric acid, sulfuric acid, nitric acid, p-toluenesulfonic acid, benzoic acid, acetic acid, lactic acid, butyric acid, 

25 carbonic acid, oxalic acid and maleic acid. The amount of the acidic catalyst used, which differs depending on the type 
of the catalyst though, is desirably in a range of 0.00001 to 10 moles based on one mole of the metal atom present in 
the metal alkoxide component (II), more preferably in a range of 0.0001 to 5 moles on the same basis, most preferably 
in a range of 0.0005 to 1 mole on the same basis. The amount in this range of the catalyst added leads to particularly 
better gas-barrier properties of the resulting vinyl alcohol polymer composition (II) and better solution stability of solu- 

30 tions (A) and (C). 

[0052] The amount of water added in the second step, which differs depending on the type of the metal alkoxide 
component (ll)used though, is desirably in a range of 0.1 to 10 moles based on one mole of the metal atom present in 
the metal alkoxide component (II), more preferably in a range of 1 to 4 moles on the same basis, most preferably in a 
range of 1 .5 to 3 moles on the same basis. The amount in this range of water added leads to particularly better gas- 
35 barrier properties of the resulting vinyl alcohol polymer composition (II) and better solution stability of solutions (A) and 
(C). Where hydrochloric acid or like water-containing components is used, the amount of fresh water added should be 
selected taking into consideration the amount of water introduced from the component. 

[0053] Further in the second step, the reaction mixture may as necessary contain an organic solvent. Any organic 
solvent that can dissolve the metal alkoxide component used can be used with no specific limitation. Preferred organic 

40 solvents include alcohols, e.g. methanol, ethanol, isopropanol and propanol, among which alcohols having the same 
alkoxy group as that contained in the metal alkoxide component used are more prefered. Suitable concrete examples 
are methanol for tetramethoxysilane and ethanol for tetraethoxysilane. The amount of the organic solvent is, not par- 
ticularly limited though, preferably such that the concentration of the metal alkoxide component (II) becomes in a range 
of 1 to 90% by weight, more preferably in a range of 1 0 to 80% by weight, most preferably in a range of 20 to 70% by 

45 weight. 

[0054] In the second step of the process of the present invention, on derivation of an oligomer (II) from the reaction 
mixture containing a metal alkoxide (II), an acidic catalyst, water and as necessary an organic solvent, the reaction 
temperature is, not necessarily restricted though, generally in a range of 5 to 100°C, preferably in a range of 10 to 
60°C, most preferably in a range of 15 to 50°C. The reaction time, which differs depending on the type and amount 
50 the catalyst and like reaction conditions, is generally in a range of 0.01 to 60 hours, preferably in a range of 0.1 to 12 
hours, more preferably in a range of 0.1 to 6 hours. The reaction can be performed under any atmosphere with no 
particular restrictions, and generally performed under air, nitrogen stream or like atmospheres. 

[0055] In the process of the present invention, a metal alkoxide component (I) and a metal alkoxide component (II) 
should, in the first step and second step, be each added at least once. In these 2 steps, the number of additions of the 
55 metal alkoxide component (I) or the metal alkoxide component (II) is not limited to once per step, but the metal alkoxide 
components may be added dividedly twice or more times per step. In this case, the amount added at each addition of 
the metal alkoxide component (I) or metal alkoxide component (II) is desirably such that the total addition of the metal 
alkoxide component (I) or metal alkoxide component (II) falls within the above desirable range. 
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^h 1 , iS deSjrab ' e v adjUSt thS PH ° f the SO ' Uti0n (C) 0btained ^ addin 9 t0 a solution (A) containing the vinyl 
alcohol polymer composition (I) a metal alkoxide (II) and/or an oligomer derived from the metal alkoxide (II) or a solution 
i^^^^^ P. metal alkoxide (II) and/or the oligomer (II) derived from the metal alkoxide (II). The adjustment insures 
that the resulting vinyl alcohol polymer composition (II) has better gas-barrier properties. The pH of the solution (C) is 

[0057] The pH of the solution (C) can be adjusted by known means, for example by addition of an acidic compound 
such as hydrochloric acid nitric acid, acetic acid, butyric acid or ammonium sulfate and a basic compound such as 
mnir , y , dr u X u 6 ' potass,um ny^oxide, ammonia, trimethylamine, sodium carbonate or sodium acetate 

E2L T reaC i 0n 3CC ? rding 10 thS Pr6Sent inven,ion ' one "»y as necessary add a metal salt, metal complex 
layered clay compound, crossl.nk.ng agent, vinyl alcohol polymer and other polymers, plasties, antioxidant UV ab- 
soroer, fiame-retardant and like additives to the reaction zone, within limits not to impair the effect of the present 
invention. Examples of the metal salt and metal complex are fine particles of metal oxides produced by hydrolyzing 
and polycondens.ng by wet process the above metal alkoxides; fine particles of metal oxides produced by hydrolyzing 
anc polycondens.ng by dry process, or baking; fine particles of silica prepared from water glass; metal salts of inorganic 
acids e.g. carbonate, chlonde and nitrate; meta. sails of organic acids, e.g. oxalate; and metal complexes, e.g. acety- 
lacetonate metal complexes such as aluminum acetylacetonate, cyclopentadienyl metal complexes and cyano metal 
cornpiexes. 

[0059] Examples of the layered clay compound are natural smectite as represented by montmorillonite, synthetic 
20 ZS "h r 3 r 1™°*' SV T eliC miCa ' hydr ° talci,e - and talc < as we " ^ organically modified smectite and organica.iy 

ZZel mic LT' OT^ 6 'i 0 : 6 ' PartiCU ' arly ^^"^ ' ayered day «^Po«n* are montmoriilonite and 
synthetic mica. Addition of these layered clay compounds in an amount of 0.5 to 30 parts by weight based on the weight 
of the v.nyl alcohol pohymer composition (II) improves the gas-barrier properties, in particular the water vapor-barrier 
property and is hence desirable. The amount of the layered clay compound is more preferably 1 to 20 parts by weight 
On addition of a layered clay compound, it is desirably added to the solution (C), which procedure does not impair the 
25 gas-barrier properties. K 

T ab °T e cross,inkin 9 agent, any one generally used for vinyl alcohol polymers can be used with no 
particular Imitation. Concrete examples of thecrosslinking agent are aldehydes, e.g. formaldehyde and glutaraldehyde- 
acetals, e.g. diacetalized product of glutaraldehyde; methylolureas, e.g. methylolurea and methylolmelamine; camoxyi 
group-containing polymers, e.g. acrylic acid-based polymers and maleic anhydride-based polymers; boric acid and 

UTr aCtate ,' ° f th ! ab °;\ it " dSSirable l ° add 3 Carb0Xy ' iC W-taining polymer such as acry.ic acid-based 
polymer or maleic anhydnde-based polymer and/or titanium lactate, which addition improves the water resistance 
boiling resistance and retort resistance of the resulting vinyl alcohol polymer composition (II). The amount of the 
crossl.nk.ng agent added .s, depending on the type of the crosslinking agent though, generally 0.5 to 50 parts by weigh* 
based on the weight of the v.nyl alcohol polymer composition (II), more preferably 1 to 40 parts by weight on the same 

Ko^JflS^^? P3rtS ^ Wei9ht ° n Same b3SiS - ° n addi " 9 3 — '^ing agentjt is desirable to add 
raofii, x ( 1 Wh,chdoes not im P a,r the gas-barrier properties of the vinyl alcohol polymer composition (II). 
[0061] The known sol-gel process often uses a what is known as coupling agent, such as y -glycidoxypropyltrimeth- 
oxys,lane, Y -glyc^^ 

2£ST. * T Z a K kylSne 9r0UP ' ° rd6r 10 inCreaSe the dispersibility of the metal oxide in the resulting 

KSi ?h ', h ' Ch T*t a9ainSt im P rovement of the gas-barrier properties under high-humidity conditions 
Pmni. J, t h y T P °^ ner COmposition <"> is obtained b y amoving the solvent from the solution (C). During 
nTl h , f 1' ^ reaCti ° nS Pr ° Ce6d in thS com P° nents ^ined in the solution (C). These reactions 
include hydrolysis and condensation inside each of and between the vinyl alcohol polymer composition (I) and metal 
alkoxide component (II) present in the solution (C). 'Mu»'«on w ana meiai 

Thfl,- Anypr ° h C f S with ™ specific limitation can remove the solvent. However, it is desirable to remove the solvent 

Z^SVTJS^ ^ ™ 6 heatin9 tem P erature for the remova ' of the solvent is generally preferably in a 

ToZl f " T* Preferab ' y " 3 ran9e ° f 50 l ° 15 °° C The dryin 9 time is P referab 'y in a «W of 0.001 to 

60 hours, more preferably in a range of 0.002 to 10 hours, most preferably in a range of 0.002 to 1 hour. The solvent 

™atmospne P res 0rnl Undera " y atm ° Sphere Wfth n ° s P ecific restrictions, and be done under air, nitrogen stream 
[0064] The vinyl alcohol polymer compositions (II) may as necessary be heated treated. The heat treatment can be 
earned out at anytime after the solvent removal from the solution (C) has been aimost complete. The treating temper 
ature ,s preferably in a range of 50 to 250°C, more preferably in a range of 60 to 200°C 

[0065] The vinyl alcohol polymer compositions (II) may also be subjected to UV irradiation. The irradiation can be 
earned out at any time after the solvent removal from the solution (C) has been almost complete, and by any known 
method with no specihc restnctions. The wavelength of the UV irradiated is preferably in a range of 170 to 250 nm 
morepreferably ,n a range of 170to 190 nm anc^ 



30 



35 



40 



45 



50 



55 



OOCID: <EP 1176155A1J_> 



8 



EP 1 176 155 A1 



and UV irradiation may be employed. The heat treatment and/or UV irradiation permit the gas-barrier properties of the 
vinyl alcohol polymer compositions (II), as well as laminates and gas-barrier materials utilizing the vinyl alcohol polymer 
compositions (II). to exhibit at higher levels. 

[0066] In the second step of the process of the present invention, the vinyl alcohol polymer compositions (II) having 
5 a prescribed shape, such as film and sheet can be produced by placing the solution (C), tha t is an intermediate product 
of the second step, in a mold having the prescribed shape. Besides, fiber-form vinyl alcohol polymer compositions (II) 
can be produced by spinning the above solution (C) according to a known spinning process and, as necessary, per- 
mitting the reaction to continue by heat treatment, UV irradiation or like means. Preferred known spinning processes 
include wet spinning and dry-wet spinning, as well as impregnation of a fibrous structure with the solution (C) and/or 
io application of the solution (C) onto a fibrous structure. 

[0067] The film- or sheet-formed vinyl alcohol polymer compositions (II) can be subjected to dry lamination, wet 
lamination or like lamination processes, with a base having a prescribed shape, to give laminates with the base. Ex- 
amples of the base include polymers, such as polyolefins, e.g. polyethylene (hereinafter sometimes referred to as 
"PE") and polypropylene (hereinafter sometimes referred to as "PP"); polyesters, e.g. polyethylene terephthalate (here- 
15 inafter sometimes relerred to as "PET"), polybutylene terephthalate (hereinafter sometimes referred to as U PBT") and 
polyethylene naphthalate (hereinafter sometimes referred to as "PEN"); polyamides, e.g. nylon6 (hereinafter some- 
times referred to as "Ny6") and nylon66 (hereinafter sometimes referred to as M Ny66"); polyvinyl chloride and poly- 
urethanes; paper: metal oxides; and metals. 

[0068] The microscopic phase-separation structure possessed by the vinyl alcohol polymer compositions (II) ob- 
20 tained by the process of the present invention is, not necessarily limited though, in many cases as follows. That is, the 
structure comprises the vinyl alcohol polymer formed by saponification of the vinyl carboxylate polymer used and the 
metal oxide formed by polycondensation of the metal alkoxide component used, each co-continuously extending; or 
comprises a co-continuous structure comprising a sea-islands structure where the sea component is formed by the 
vinyl alcohol polymer and the islands component is formed by the metal oxide into which the vinyl alcohol polymer has 
25 penetrated. Of these, it is desirable that the structure comprises the vinyl alcohol polymer and metal oxide, each co- 
continuously extending, which insures better gas-barrier properties. 

[0069] The solution (C) obtained by the process of the present invention is usable as a coating agent. In this case, 
the solid matter concentration of the solution (C) is, not necessarily limited though, desirably in a range of 0.1 to 40% 
by weight, more preferably in a range of 0.5 to 20% by weight, most preferably in a range of 1 to 12% by weight. With 

30 the solid matter concentration being in a range of 0.1 to 40% by weight coating films obtained by application of the 
solution (C) mostly have better gas-barrier properties. If the solid matter concentration exceeds 40% by weight, the 
solution (C) will tend to have poor storage stability. On the other hand, if the concentration is less than 0.1% by weight, 
there will tend to occur uneven coating, resulting in uneven gas -barrier properties of the coating film. Although the vinyl 
alcohol polymer composition (II) can be used as a powdery paint (in solid state), it is desirable to use it in a solution 

35 form obtained midway the reaction, which insures better gas-barrier properties. On use in a solution state, in order to 
adjust the viscosity, the solution may, before application, be thickened by heating or addition of a catalyst or diluted 
with water, an alcohol such as methanol, ethanol or isopropanol, dimethyl sulfoxide or like solvents. Where it is desired 
to decrease the content of organic solvent components in the coating agent, part of or entire organic solvents can be 
removed by evaporation under reduced pressure or like means, before application. 

io [0070] Where the solution (C) obtained in the second step of the process of the present invention is used as a coating 
agent, it should be noted that the reaction mixture changes its condition during the course of the reaction and forms a 
gel-like composition at the final stage. It is therefore suitable to optimize, within the ranges specified in the present 
invention, the composition of the reaction mixture such that the solution viscosity becomes, even after being allowed 
to stand still at 25°C for 10 days after the addition of all the amount of the metal alkoxide component used, not more 

45 than 1 N * s/m 2 , more preferably not more than 0.1 N . s/m 2 most preferably not more than 0.1 N * s/m 2 , as determined 
with a Brookfield viscosimeter (type B: 60 rpm). it is more desirable to optimize the composition such that the solution 
viscosity becomes, even after being allowed to stand still at 50°C for 1 0 days, not more than 1 N • s/m2, more preferably 
not more than 0.1 N • s/m2, still more preferably not more than 0.05 N • s/m 2 . It is even more desirable to optimize the 
composition such that the solution viscosity becomes, even after being allowed to stand still at 50°C for 30 days, not 

50 more than 1 N • s/m 2 , more preferably not more than 0.1 N - s/m2, most preferably not more than 0.05 N • s/m 2 . Good 
storage stability of the coating agent in most cases leads to better gas-barrier properties of the composition obtained 
after coating. 

[0071] Optimization of the composition of the coating agent such that the solution viscosity value falls within the 
above range is preferably carried out by for example decreasing the solid matter concentration, adjusting the pH or 
55 like means. 

[0072] On use of the solution (C) in the second step of the process of the present invention, one can impregnate a 
base comprising a fibrous aggregate such as fabric, paper or wood with the solution (C) and then permit the reaction 
to proceed, to obtain a complex comprising the fibrous aggregate base impregnated with the vinyl alcohol polymer 
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composition (II). Or one can coat a base film or shaped matter having a prescribed shape comprising a polymer such 

or a'S T 9 ' 3 P0 ' yeS,en S 9 - PET ' PBT 3nd PEN; 9 e * "J* ^d Ny66; pol^iny'ch oride 

or a polyurathane; paper, a metal oxide or a metal, and then permit the reaction to continue, to obtain a laminate having 
a icoatmo Mrn compns.ng the viny. a.cohol polymer composition (II). Preferred examples of the above laminateTre 
!^^T 9 , IT- ' a , yer COnstmction selected f rom the group consisting of polyester/vinyl alcohol polymer 
TrSZZZl I P ° lyam,de/V "; yl a,coho ' P 0 '^ composition (II) and polyolef in/vinyl alcohol po.ymer composLn (II), 
* h ?T nS ' n9 3 COnstruction of Po'yester/vinyl alcohol polymer composition (ll)/polyamide or polya- 
^mon n, v , Po'ymer composrt.cn (II). Concrete examples of the above are polyester/vinyl alcohol pofymer corn- 
ed f P ° lya 7 ,Cle/Vi ? yl alCOh °' P °^ mer com P° si «°n dD/polyolefin, poVo.efin/viny. alcohol polymer 
compos.t.on (ll)/ P olyolef,n, polyester/vinyl alcohol polymer composition (ID/polyamide/polyolefin polyester/vinyl alco- 

Z P TH r . CO 7 POSiti0n ("^'^P^'^n. POlyamide/vinyl alcohol poiymer composition (.l/po.yestS^n 

cZ DO ronm/T r ?r pos f n( ^ 

veZ^inv. i,^h f Vmyl a ' COh0 ' P °' ymer com P° srtion ("VPOlyvinyl chloride/paper. Among the above po.- 
yester/vmyl alcohol polymer compos.tion (ll)/polyolefin, polyamide/vinyl alcohol polymer composition (UVpolyo lefin 
T" H 0l T r C ° mP0Siti0n < l, ^ 0, ^-ic 1 e/po. y o,efin, polyester/viny. a.coho. polymer J^X^ 

m.de/v.ny. alcohol polymercompos.t.on (ll)/polyolefin, polyester/vinyl alcohol polymer composition (ll)/polyamide/po.y- 
o.ef.n and po.yam.de/viny. a.coho. polymer composition (ll)/po.yester/ P olyolefin are more preferred In viewT the me- 

roo^r ^7 f n SU ' tin9 ,aminaleS ' U iS deSirab ' e 10 USS PET aS P°'y ester and N * 6 as Po^e. 
So 3 COmpr,sin 9 ,he soluti ° n (C) on a base, any known process can be used such as casting 

manner' On £E? 7T° °' T Printi " 9 - LaminatSS "* h ° r meta ' ° XidS Can be ° btained in a simila 

rOO^ T^l7^T; T 0 UnderC ° atin 9 agent or adhesive ma V b. used according to the type of the base used, 
barrif nrl^rtil? , P ° ^ COm P os,tions <"> obtained b V the process of the present invention have excellent 

b 8 S T/Tl ? y9 f WatSr VaP ° n Carb ° n di ° Xide ' nitr09en and like 9 ases - and can maintain the exce..ent 

.7 h.gh levels under high-humidity conditions and after exposure to repeated bending. The vinyl 

maw° a . p s ?uT : comp r t n) obtained by the process of the present inventi ° n *<* p«**~» -pJ^is 

T„t of h ^°^-packag,ng materials, which are required to exhibit good gas-barrier properties being independ 

to ^ 

xZZTm^Z FUrthem T' ,an f ateS com P risin 9 f ilms comprising the viny, aboho. po.ymer compositions (..), 
TltZ Zr, ? V B *T P e 83 deSCnbed ab0VS apP ' ying ° nt0 3 base film and the " P e ^Win9 the reaction to 
P ™S 1 ma H? m th6,r eXCe " ent aas " barrier P r °P erties ""dar high-humidity conditions or after exposure to 

St 3 tk f ?. 9 ' h6nCe are SUit8bly USSd 38 Packaging materials such as P acka 9 f n9 fi'ms for foods. 

S m thl^xamnr 3 " 1 ? 62 ^ Pr6Sent inVenti ° n s P ecif ica " v . bu ' d ° not limit the scope of the invention. 

[0076 In the Examples and Comparatrve Examples that follow, the »%" and "parts" mean "% by weight" and "Darts 

SLi^iZS^ Un ' eSS ° therWiSe SP6dfied: mSasUrements or were made by the S.owing 

(1 ) Amount of acyl group 

£S Jo ri e t V h2 ylCarb0Xylate P °J ymefB (po ^ i ^ ,aTOtate ' P°^ in y' Propionate, ethylene-vinyl acetate copolymerand 
the like) and the composrt.ons obtained by saponification thereof were tested for the monomer composition of each 

and Sio of T ," NMR (W " th JNM - GSX27 °- made b V JEOL and the content of the acy, group o Hhe po^mer 
mn™ w°k ^ 9r ° UP remainin9 aft6r sa P° nific ation were quantrtatively determined from the results 
dried n oTdi a ft C °I!r 0S,t r °K tained by sa P° nification ' a sma » amount of sample was taken from the composttion, 
dried in order to remove low-bo.l.ng substances such as solvent and weighed. The sample was then dissolved in 
deu erated dimethy. sutfox.de and, in the presence of a standard (tetrameLxysilane) wtth ^^ZZ%££ 

D a 2 Z e e r d t y 270 MHz H r R (With JNM " GSX27 °. - ada b y JEOL Ltd.). Amlg monom.?^ comainedTnl £ 
polymer, those ong.nat.ng from viny. carboxylate units include unreacted vinyl carboxylate units, viny. alcohol un ts 
monomer un.ts hav.ng a structure comprising a vinyl alcohol unit and, chemically bonded there o a metal alkoxide 
component, and the like (hereinafter these monomer units are inclusively referred to as "monomer unTorig inat ^ 

l7a^T V V- ^ T' eS ° f ,0ta ' 30X1 9r ° UPS (3Cetyl 9r0Up - P-P 10 ^ 1 grou P and lhe contaLTper un" 
oe 1 « m ° leS ° f m ° n0mer UPitS ° Hginating from vi "y' carboxy.ate and contained 

group are determined. The ratio between the two was taken as the ratio of remaining acy. 

^ ere an , a,k !' i meta ' h y droxide or alkali e arth metal compound had been used as a catalyst for the sapon- 
bv 2mn.! h • Ca,bOXy,ale P° ,ymer ' thS Carb0XyliC aCid Salt b VP^ d ^ed on the saponification cannot b^ ^remTed 
by s.mp e dry.ng. In th.s case, therefore, at first the moles of the acyl group originating from the carboxylic acTd S 
and contamed ,n the un,t weight of the composition was calculated from the weight ratfo of the camoS acid ta.t to 
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the composition determined by the method described below, and then the moles of the acyl group originating from the 
carboxylic acid salt was subtracted from the moles of total acyl groups in the composition determined by the 
above 1 H-NMR, to obtain the moles of the acyl group present as bonded to the polymer contained in the unit weight 
of the composition. The ratio between the obtained moles and the moles of the monomer units originating from the 
vinyl carboxylate contained in the unit weight of the composition was taken as the ratio (mole %) of acyl group remaining 
after the saponification. ~~ ~~ ~ ~ 

(2) Amount of carboxylic acid salt 



[0080] A small amount of sample was taken from the composition obtained by saponification of a vinyl carboxylate 
polymer The sample was placed in a platinum crucible and, after being treated in an electric furnace (600°C), tested 
with a polarization Zeeman atomic absorption spectrophotometer (Z-5300, made by Hitachi, Ltd.) for the content of 
the metal atom contained in the obtained ash. On supposing that the metal atom was present, in the composition, in 
the form of the carboxylic acid salt byproduced by the saponification, the content by weight (unit: % by weight) of the 
carboxylic acid salt in the vinyl alcohol polymer composition obtained by the saponification was calculated. The weight 
of the vinyl alcohol polymer composition was measured on the dry sample from which the solvent had been removed 
by vacuum drying at 65°C for 24 hours. 



(3) Storage stability 

20 

[0081] After a solution of a vinyl alcohol polymer composition to be used for producing single-layer film-shape com- 
positions or laminates had been prepared, (where the present invention applies, on production of a vinyl alcohol polymer 
composition (II), after all addition of a metal alkoxide component (II) or its solution (B) to the solution (A) had been 
complete,) the solution was allowed to stand at 25°C for 1 day at 25°C for 1 0 days, at 50°C for 1 0 days, or at 50°C 
25 for 30 days. The solutions were tested with a Brookfield viscosimeter (type B, rotations: 60 rpm) for viscosity. The 
results were rated as "excellent" (© ) for viscosity values not more than 0.05 N • s/m 2 , "good" (O) for more than 0.05 
N • s/m 2 and not more than 0.1 N - s/m 2 , "normal" (A) for more than 0.1 N - s/m 2 and not more than 1 N - s/m2, "poor" 
(A-X) for more than 1 N • s/m 2 and u bad"(X) for solutions having gelled and being undissolvable into solutions. 



30 (4) Gas-barrier properties 



[0082] After a solution of a vinyl alcohol polymer composition to be used for producing single-layer film-shape com- 
positions or laminates had been prepared, (where the present invention applies, on production of a vinyl alcohol polymer 
composition (II), after all addition of a metal alkoxide component (II) or its the solution (B) to the solution (A) had been 
complete,) the solution was allowed to stand at 25°C for 1 day, and then subjected to a drying step (or, where used as 
a coating agent, a coating step) and the succeeding steps, to yield a single-layer film-shape composition or laminate. 
Ten samples were taken from optional positions from the surface of the obtained film or laminate, and tested with an 
oxygen transmission rate tester (MOCON OX-TRAN2/20, made by Modern Control Co.) for the oxygen transmission 
rate (unit: cc - 20ujn/m 2 . 24 hr . atm) under the conditions of a temperature of 20°C, a humidity of 95% and an oxygen 
pressure of 2.5 kg/cm 2 . The smallest value of the obtained 10 data was taken as the oxygen transmission rate of the 
composition. 



(5) Property unevenness 



[0083] After a solution of a vinyl alcohol polymer composition to be used for producing single-layer film-shape com- 
positions or laminates had been prepared, (where the present invention applies, on production of a vinyl alcohol polymer 
composition (II), after all addition of a metal alkoxide component (II) or its the solution (B) to the solution (A) had been 
complete,) the solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days, and then subjected to a drying 
step (or, where used as a coating agent, a coating step) and the succeeding steps, to yield a single-layer film-shape 
composition or laminate. Ten samples were taken from optional positions of the surface of the obtained film or laminate, 
and tested with an oxygen transmission rate tester (MOCON OX-TRAN2/20, made by Modem Control Co.) for the 
oxygen transmission rate (unit: cc - 20 am/m 2 • 24 hr - atm) under the conditions of a temperature of 20°C, a humidity 
of 95% RH and an oxygen pressure of 2.5 kg/cm 2 . Based on the average of the oxygen transmission rate values of 
the samples having been allowed to stand at 25°C for 1 day the number of samples having been allowed to stand at 
40°C for 10 days and showing an oxygen transmission rate of at least twice the above average is taken as "property 
unevenness". 
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(6) Bending resistance 

[0084] After a solution of a vinyl alcohol polymer composition to be used for producing single-layer film-shape com- 
rnmZr° r ^TT n ST" (Where the pr8Sent inVention applies ' on Production of a vinyl alcohol polymer 

rZT wk 1 f f add ' t,0n ° f 3 m8tal a ' k0Xide com P° nent (») ° r its the solution (B) to the solution (A) had been 
complete.) the solution was allowed to stand at 25°C for 1 day, and then subjected to a drying step (or, where used as 

oZtZ^r 1 3 ri?' 8nd thS succeedin 9 ste P s > t0 yte'd a single-layer film-shape composition or laminate. 
One hundred samples of 20 mm x 120 mm were taken from the obtained single-layerfilm or laminate, and repeatedly 

w a i ,n i TZI V T JIS - P8114 , (1 " 8) except for the s P eci ™" thickness, by moving a blade forwards and back" 
wa ds 1 0 .mes at a temperature of 20°C and under a humidity of 85% RH. The samples obtained after the bending 
est were tested w.th an oxygen transmission rate tester (MOCON OX-TRAN2/20, made by Modem Control Co ) for 
te 3" transmission rate (unit: cc . 20 urn/m* • 24 hr • atm) underthe conditions of a temperature of 20°C, a humidity 
of 95 /o RH and an oxygen pressure of 2.5 kg/cm*. Based on the oxygen transmission rate value of a sample showing 
the best gas-barner property (smallest oxygen transmission rate), the number of samples showing an oxygen trans- 
mission rate o. at least 10 times the smallest value was checked. It can be judged that the smaller the Vatio of the 

1^ ,h k he H Samples ShOW,n9 at least 10 times t^ smallest value to the total number (100 sheets) of samples the 
better the bending resistance. 

(7) Appearance 

20 

[0085] The single-layer film-shape composition or laminate prepared forthe above gas-barrier properties was visually 
checked for the transparency, color and surface condition of the layer (cast film or coating film) comprising the vinyl 
alcohol polymer composrt.cn. A colorless transparent layer with good surface condition was judged "good (O)" and an 

25 ° H aql if..! r !?w Cd ' ayCr ° r 3 ' ayer Wtth P °° r SUrfaCe condit i°ns such as uneven thickness or roughened surface is 
" judged bad (X) . 

(8) Weight after removal of organic components 

[0086] After a vinyl alcohol polymer composition to be used for producing single-layer film-shape compositions or 

2T! If * Pr ? P f r ! d ' (Wher6 1hS PreS6nt inVenti ° n applies ' on Potion of a vinyl alcohol polymer compo- 

s«on II after ^removal of the solvent from the solution (C) obtained by adding a metal alkoxide component (II) or its 
the solution (B) to the solution (A),) a small amount of sample was taken from the composition. The sample was aftfr 
be.ng vacuum dned^ weighed and, after further removal of organic components by thermal decomposition, weighed 

mn^ ™ We ' 9 96 (Umt: % by W6ight) bef ° re and after removal of or 9 anic components was calculated 
K nilinlm TT rym9 ^ performed ^ vacuum d| Y in 9 a t 65°C for 24 hours, and the themial decomposition 
by placng the dned composition .n a platinum crucible, then heating in an electric furnace under air atmosphere from 
room temperature up to 600°C over 1 hour, and finally heating at 600°C for 5 hours under the same atmosphere. 

Example 1 

^I rt 7!! ere ^ ° ,V t d 1 00 Pa,tS by W9ight ° f 8 P0,yvinyl acetate havina a de 9 ree of Polymerization of 1 ,700 in 
1 50 parts by we.ght of methanol. To the solution 4.4 parts by weight of tetramethoxysilane and a small amount of 
dolled water were added, and 46 parts by weight of a 4% sodium hydroxide/methanol solution was added to the 
mixture w.th st.mng, to prepare a reaction liquid having a water content of 0.09% by weight. The liquid was subjected 

Zm^Sn J " I ° minUtGS 10 Vie,d 8 9el - ThS 961 WaS PU,Veri26d and " in 1 500 " arts * weighTof mlano? 
further, penmitted to continue reaction at 60»C for 4 hours. Thereafter, the reaction mixture was neutralized by adding 

t^T, bY Z e ' m ° methy ' aC6tate and W3Shin 9 3 tb ™» w 'th 1 .000 parts by weight of methanol, and vacuum dried 
at 65 C for24 hours to remove the solvent, to yield a vinyl alcohol polymer composition (I) having a ratio of remaining 
acyl group originating from the vinyl carboxylate unit contained in the polyvinyl acetate of 0.5 mole %, an amount of 
remaining sodium acetate of 0.5% by weight and an amount of Si atom of 2.5 moles based on 100 moles of the acy 
group originating from the vinyl carboxylate unit. The vinyl alcohol polymer oomposition (I) was dissolved in distilled 
water to give an aqueous solution having a solid matter concentration of 1 0% by weight 

SSSn Pn ^ J 2 k PartS ? 7!! 9h ! ° f tstramethoxysilane was dissolved in 90 parts by weight of methanol. To the 
solution, 20 parts by we.ght of distilled water and 8.2 parts by weight of 1 N(normal)-hydrochloric acid were added to 
prepare a sol. The so was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 
200 parts by we.gh o distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 
10/c ^aqueous v,nyl alcohol polymer composition (I) solution. The resulting mixed solution showed a storage stability 
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[0090] Tho mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days. The two solutions were 
each applied onto an oriented PET film (hereinafter sometimes referred to as "OPET") having a thickness of 12 u.m 
with a bar coaler to a thickness after drying of 2 u.m. The films were then dried at 80°C for 5 minutes and then heat 
trcaled ai 160 *0 for 5 minutes, to give vinyl alcohol polymer composition (ll)/OPET (2 u.m/12 urn) laminates with a 
ecloress tiansparont coating film having a good appearance. The results of evaluation on the gas-barrier p roperties 
of the obtnined laminates are shown in Table 2. 



Example 2 

io [0091 ] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification: 
8 mole * nnvmg a degree of polymerization of 500 in 120 parts by weight of methanol. To the solution 4.3 parts by 
weight ol teti rtmcihoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4% sodium 
hydroxidc/ncthanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
of 0 09"., by weignt The liquid was subjected to reaction at 40°C for 10 minutes to yield a gel. The gel was pulverized 
'5 and. in : 500 pans by weight of methanol, further permitted to continue reaction at 60°C for 4 hours. Thereafter, the 
reaction mixture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 ,000 parts 
by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
ytcnc-vinyl Hcetale copolymer or 0.5 mole %, an amount of remaining sodium acetate of 0.4% by weight and an amount 
of Si atom of 2.5 moles based on 100 moles of the acyl group originating from the vinyl carboxylate unit. The vinyl 
alcohol polymer composition (I) was dissolved in distilled water to give an aqueous solution having a solid matter 
concentration of 1 0% by weight. 

[0092] Next. 129 parts by weight of tetramethoxysilane was dissolved in 90 parts by weight of methanol. To the 
solution. 21 parts by weight of distilled water and 8.5 parts by weight of 1 N-hydrochloric acid were added, to prepare 
25 a sol The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 200 
parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 
10% aqueous vinyl alcohol polymer composition (I) solution. The resulting mixed solution showed a storage stability 
as shown in Table 2. 

[0093] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days. The two solutions were 
30 each applied onto an OPET having a thickness of 12 urn with a bar coater to a thickness after drying of 2 jam. The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 um/12 u, m) laminates with a colorless, transparent coating film having a good appearance. 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 2. 

35 Example 3 

[0094] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification: 
32 mole %) having a degree of polymerization of 500 in 150 parts by weight of methanol. To the solution 7.6 parts by 
weight of tetramethoxysilane and a small amount of distilled water were added, and 32 parts by weight of a 1 0% sodium 
hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
of 0.09% by weight. The liquid was subjected to reaction at 40°C for 1 0 minutes to yield a gel. The gel was pulverized 
and, in 1,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours. Thereafter, the 
reaction mixture was neutralized by adding 7.2 parts by weight of methyl acetate and washing 3 times with 1 ,000 parts 
by weight of a 50% aqueous methanol solution, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield 
a vinyl alcohol polymer composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit 
contained in the ethylene-vinyl acetate copolymer of 0.2 mole %, an amount of remaining sodium acetate of 0.2% by 
weight and an amount of Si atom of 5 moles based on 1 00 moles of the acyl group originating from the vinyl carboxylate 
unit. The vinyl alcohol polymer composition (I) was dissolved in a mixed distilled water/isopropanol (ratio by weight: 
50/50) to give a solution having a solid matter concentration of 1 0% by weight. Next, 90 parts by weight of tetrameth- 
so oxysilane was dissolved in 80 parts by weight of methanol. To the solution, 6.0 parts by weight of distilled water and 
15 parts by weight of 2N-hydrochloric acid were added, to prepare a sol. The sol was subjected to reaction with stirring 
at 40°C for 1 hour. The sol thus obtained was diluted with 1 00 parts by weight of distilled water and, quickly thereafter, 
the obtained mixture was added, with stirring, to the above 10% vinyl alcohol polymer composition (I) solution. The 
resulting mixed solution showed a storage stability as shown in Table 2. 
55 [0095] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days. The two solutions were 
each applied onto an OPET having a thickness of 12 u,m with a bar coater to a thickness after drying of 2 urn. The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 u.m/12 p. m) laminates with a colorless, transparent coating film having a good appearance. 
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The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 2. 
Example 4 

[0096] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification- 
5 mole /o) having a degree of polymerization of 600 in 150 parts by weight of methanol. To the solution 1 2 parts by 
weight of tetraethoxysilane and a small amount of distilled water were added, and 68 parts by weight of a 4% sodium 

f y n r ^lf^ metha u 0l r IUti0n WaS addSd t0 the miXture with stirrin 9' l ° P re P are a reaction «<Nd having a water content 
of 0.09 /o by weight. The liquid was subjected to reaction at 40°C for 1 0 minutes to yield a gel. The gel was pulverized 
and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hou^s Thereafter the 
reaction mixture was neutralized by adding 6.1 parts by weight of methyl acetate and washing 3 times with 1 ,000 parts 
by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
y ene-vmyl acetate copolymer of 0.2 mole %, an amount of remaining sodium acetate of 0.2% by weight and an amount 
of S, atom of 0.5 mole based on 1 00 moles of the acyl group originating from the vinyl carboxylate unit. The vinyl alcohol 

P f onT. COmP ° Sili0n 0) WaS disso,ved in distilled water t° 9ive an aqueous solution having a solid matter concentration 
or 20% by weight. 

[0097] Next, 1 79 parts by weight of tetraethoxysilane was dissolved in 260 parts by weight of ethanol. To the solution 
22 parts by weight ot distilled water and 8.6 parts by weight of 1 N-hydrochloric acid were added, to prepare a sol The 
sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 500 parts by weight 
o distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 20% aqueous vinyl 
f^' p ° ,ymer com P°sition (I) solution. The resulting mixed solution showed a storage stability as shown in Table 2 
[0098] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 ^m with a bar coater to a thickness after drying of 2 urn The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composrt ion (ll)/OPET (2 nm/12 u m) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are as shown in Table 2. 

Example 5 

K? 91 . T u ere dissolved 1 00 parts bv wei °- ht of a Po'vvinyl acetate having a degree of polymerization of 1 700 in 
150 parts by weight of methanol. To the solution 26.4 parts by weight of tetramethoxysilane and a small amount of 
distilled water were added, and 18.5 parts by weight of a 10% sodium hydroxide/methanol solution was added to' the 
mixture with stirring, to prepare a reaction liquid having a water content of 0.09% by weight. The liquid was subjected 

0 reaction at 40°C for 10 minutes to yield a gel. The gel was pulverized and, in 1 ,500 parts by weight of methanol 
further permitted to continue reaction at 60°C for 4 hours. Thereafter, the reaction mixture was neutralized by adding 

1 J**?*, bv 0 w t i9ht ° f m6thyl acetate and washin 9 3 times with 1 .° 00 P ar ts by weight of methanol, and vacuum dried 
at 65 C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer composition (I) having a ratio of remaining 
acyl group originating from the vinyl carooxylate unit contained in the polyvinyl acetate of 0.2 mole %, an amount of 
remaining sodium acetate of 0.4% by weight and an amount of Si atom of 15 moles based on 100 moles of the acvl 
group origmat.ng from the vinyl carboxylate unit. The vinyl alcohol polymer composition (I) was dissolved in distilled 
water to give an aqueous solution having a solid matter concentration of 1 0% by weight 

[0100] Next, 1 03 parts by weight of tetramethoxysilane was dissolved in 260 parts by weight of isopropanol To the 
solution 5.5 parts by weight of distilled water and 1 3.6 parts by weight of 1 N-hydrochloric acid were added to prepare 
a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 450 
parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 
10/o aqueous vinyl alcohol polymer composition (I) solution. The resulting mixed solution showed a storage stability 
as shown in Table 2. a ' 

[0101] The mixed solution was allowed to stand at 25»C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 urn with a bar coater to a thickness after drying of 2 urn The 
films were then dried at 80»C for 5 minutes and then heat treated at 1 60°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 nm/12 urn) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are as shown in Table 2. 

55 Example 6 

L 01 °? o^' 9 d j SSOlved 1 00 ? arts ^ weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification • 
8 mole /o) having a degree of polymerization of 550 in 100 parts by weight of methanol. To the solution 4.3 parts by 
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weight of tetramethoxysilane and a small amount of distilled water were added, and 36 parts by weight of a 1 0% sodium 
hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
of 0.09% by weight. The liquid was subjected to reaction at 40°C for 1 0 minutes to yield a gel. The gel was pulverized 
and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours. Thereafter, the 

5 reaction mixture was neutralized by adding 8.1 parts by weight of methyl acetate and washing 3 times with 1 ,000 parts 
by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
ylene-vinyl acetate copolymer of 0.2 mole %, an amount of remaining sodium acetate of 0.4% by weight and an amount 
of Si atom of 2.5 moles based on 100 moles of the acyl group originating from the vinyl carboxylate unit. The vinyl 

10 alcohol polymer composition (I) was dissolved in distilled water to give an aqueous solution having a solid matter 
concentration of 1 0% by weight. 

[01 03] Next, 40 parts by weight of tetramethoxysilane was dissolved in 50 parts by weight of methanol . To the solution, 
4 parts by weight of distilled water and 5.3 parts by weight of 1 N -hydrochloric acid were added, to prepare a sol. The 
sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 50 parts by weight 

*5 of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 1 0% aqueous vinyl 
alcohol polymer composition (I) solution. The resulting mixed solution showed a storage stability as shown in Table 2. 
[0104] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days. The two solutions were 
each applied onto an OPET having a thickness of 12 u.m with a bar coater to a thickness after drying of 2 um. The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 

20 composition (ll)/OPET (2 pm/12 \x, m) laminates with a colorless, transparent coating film having a good appearance. 
The results of evaluation on the gas-barrier properties of the obtained laminates are as shown in Table 2. 

Example 7 

25 [01 05] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification: 
44 mole %) having a degree of polymerization of 1,700 in 100 parts by weight of methanol. To the solution 1.9 parts 
by weight of triisopropoxyaluminum and a small amount of distilled water were added, and 55 parts by weight of a 4% 
sodium hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water 
content of 0.09% by weight. The liquid was subjected to reaction at 40°C for 10 minutes to yield a gel. The gel was 
30 pulverized and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours. There- 
after, the reaction mixture was neutralized by adding 4.9 parts by weight of methyl acetate and washing 3 times with 
1 ,000 parts by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol 
polymer composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in 
the ethylene-vinyl acetate copolymer of 0.2 mole %, an amount of remaining sodium acetate of 0.4% by weight and 
35 an amount of Al atom of 1 .0 mole based on 1 00 moles of the acyl group originating from the vinyl carboxylate unit. The 
vinyl alcohol polymer composition (I) was dissolved in a mixed distilled water/isopropanol (ratio by weight: 40/60) liquid 
to give a solution having a solid matter concentration of 1 0% by weight. Next, 1 26 parts by weight of tetramethoxysilane 
was dissolved in 100 parts by weight of methanol. To the solution, 15 parts by weight of distilled water and 6.1 parts 
by weight of 1 N-hydrochloric acid were added, to prepare a sol. The sol was subjected to reaction with stirring at 40°C 
40 for 1 hour. The sol thus obtained was diluted with 200 parts by weight of a mixed distilled water/isopropanol (ratio by 
weight: 50/50) liquid and, quickly thereafter, the obtained mixture was added, with stirring, to the above 10% vinyl 
alcohol polymer composition (I) solution. The resulting mixed solution showed a storage stability as shown in Table 2. 
[0106] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days. The two solutions were 
each applied onto an OPET having a thickness of 12 u.m with a bar coater to a thickness after drying of 2 um. The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 u,m/12 u. m) laminates with a colorless, transparent coating film having a good appearance. 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 2. 
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Example 8 



[01 07] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification: 
3 mole %) having a degree of polymerization of 1,700 in 100 parts by weight of methanol. To the solution 4.36 parts 
by weight of tetramethoxysilane and a small amount of distilled water were added, and 64 parts by weight of a 5% 
potassium hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a 
55 water content of 0.09% by weight. The liquid was subjected to reaction at 40°C for 10 minutes to yield a gel. The gel 
was pulverized and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours. 
Thereafter, the reaction mixture was neutralized by adding 5.1 parts by weight of methyl acetate and washing 3 times 
with 1 ,000 parts by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl 
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alcohol polymer composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit con- 
tained in the ethylene-vinyl acetate copolymer of 0.2 mole %, an amount of remaining potassium acetate of 0 5% by 
weight and an amount of Si atom of 2.5 moles based on 1 00 moles of the acyl group originating from the vinyl carboxylate 
una The v.nyl alcohol polymer composition (I) was dissolved in distilled water to give an aqueous solution having a 
solid matter concentration of 10% by weight. *" ' 

[0108) Next 156 parts by weight of tetramethoxysilane was dissolved in 100 parts by weight of methanol. To the 
solution. 26 pans by weight of distilled water and 1 0.2 parts by weight of 1 N-nitric acid were added, to prepare a sol 
The sol was subjected to reaction with stirring at 40°C for 5 hours. The sol thus obtained was diluted with 200 parts 
by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 1 0% 
acucous vinyl alcohol polymer composition (I) solution. The resulting mixed solution showed a storage stability as 
shown in Table 2 1 

[0109] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 urn with a bar coater to a thickness after drying of 2 urn The 
films wore dnod at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (li)/OPET (2 um/12 ^ m) laminates with a colorless, transparent coating film having a good appearance 
1 he results ol evaluation on the gas-barrier properties of the obtained laminates are shown in Table 2. 

Example 9 

20 l °VS The,C WMS disso,ved 1 00 P arts b V wei 9ht of a polyvinyl propionate having a degree of polymerization of 550 
in 50 parts by weight of methanol. To the solution 3.8 parts by weight of tetramethoxysilane and a small amount of 
distilled water were added, and 50 parts by weight of a 4% sodium hydroxide/methanol solution was added to the 
mixture with stirring, to prepare a reaction liquid having a water content of 0.09% by weight. The liquid was subjected 
to reaction a. 40°C for 10 minutes to yield a gol. The gel was pulverized and, in 1 ,500 parts by weight of methanol 
further permitted to continue reaction at 60°C for 4 hours. Thereafter, the reaction mixture was neutralized by addinq 

; J?f£ by o we j 9h ' °' methy ' aC6tate and WaShin9 3 times with 1 • 00 ° P arts b V wei 9 ht of methanol, and vacuum dried 
at 65 C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer composition (I) having a ratio of remaining 
acyl group originating from the vinyl carboxylate unit contained in the polyvinyl propionate of 0.9 mole % an amount 
of remaining sodium propionate of 0.6% by weight and an amount of Si atom of 2.5 moles based on 1 00 moles of the 
acyl group originating from the vinyl carboxylate unit. The vinyl alcohol polymer composition (I) was dissolved in distilled 
water to give an aqueous solution having a solid matter concentration of 1 0% by weight 

[0111] Next, 108 parts by weight of tetramethoxysilane was dissolved in 100 parts by weight of methanol To the 
solu ion 1 6 parts by weight of distilled water and 7. 1 parts by weight of 1 N-hydrochloric acid were added, to prepare 
a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 150 
parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 
10/o aqueous vinyl alcohol polymer composition (I) solution. The resulting mixed solution showed a storage stability 
as shown in Table 2. ' 

[0112] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 urn with a bar coater to a thickness after drying of 2 urn The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 um/12 u m) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 2. 

Example 1 0 

[01 13] There was dissolved 1 00 parts by weight of a modified polyvinyl acetate copolymerized with 0 5 mole % of 
vinyltnethoxysilane and having a degree of polymerization of 550 in 150 parts by weight of methanol. To the solution 
3.6 parts by weight of tetramethoxysilane and a small amount of distilled water were added, and 23 parts by weight of 
a 10% sodium hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having 
a water content of 0.09% by weight. The liquid was subjected to reaction at 40°C for 1 0 minutes to yield a gel The qel 
was pulverized and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours 
° ti0n miXtUrS WaS neutralized b y addi "9 5-1 parts by weight of methyl acetate and washing 3 times 
with 1 ,000 parts by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl 
alcohol polymer composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit con- 
tained in the modified polyvinyl acetate of 0.9 mole %, an amount of remaining sodium acetate of 0.6% by weight and 
an amount of S, atom of 2.0 moles based on 1 00 moles of the acyl group originating from the vinyl carboxylate unit 
(the 2.0 moles of S. atom contained 0.5 mole of Si atom originating from the vinyltriethoxysilane). The vinyl alcohol 
polymer composition (I) was dissolved in distilled water to give an aqueous solution having a solid matter concentration 
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of 1 0% by weight. 

[0114] Next, 55 parts by weight of tetramethoxysilane was dissolved in 100 parts by weight of methanol. To the 
solution, 6.4 parts by weight of distilled water and 2.6 parts by weight of 1 N-hydrochloric acid were added, to prepare 
a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 150 
5 parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 
10% aqueous vinyl alcohol polymer composition (I) solution. The resulting mixed solution showed a storage stability 
as shown in Table 2. 

[0115] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days. The two solutions were 
each applied onto an OPET having a thickness of 12 u.m with a bar coater to a thickness after drying of 2 ujtv The 
10 films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 um/12 \i m) laminates with a colorless, transparent coating film having a good appearance. 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 2. 

Example 11 

15 

[0116] Example 2 was repeated except that 10 parts by weight of 1 N-hydrochloric acid was further added to the 
mixed solution obtained in Example 2. The results of evaluation on the storage stability and gas-barrier properties are 
shown in Table 2. 

20 Example 12 

[01 1 7] Example 2 was repeated except that, instead of coating the 1 2 |j.m-thick OPET with the solutions to a thickness 
after drying of 2 pm, the solutions were each flown in a polytetrafluoroethylene (TEFLON, made by du Pont Co.) 
container and, after drying and heat treating, the obtained films were peeled off from the polytetrafluoroethylene con- 
25 tainer, to prepare colorless, transparent single-layer film-shape vinyl alcohol polymer compositions (H) having a good 
appearance. The results of evaluation on the storage stability and gas-barrier properties are shown in Table 2. 

Example 13 

30 [0118] Example 2 was repeated except that methanol was changed to a mixed methanol/distilled water to change 
the water content of the reaction liquid to 5% by weight, to prepare a mixed reaction solution and, further, colorless, 
transparent vinyl alcohol polymer compositions (II). The results of evaluation on the storage stability and gas-barrier 
properties of these products are shown in Table 2. 

[0119] The compositions and conditions employed in Examples 1 through 13 are summarized in Table 1 . 
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Example 14 

[0120] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification- 
8 mole /o) having a degree of polymerization of 300 in 120 parts by weight of methanol. To the solution 4 3 parts by 
weight of tetramethoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4% sodium 
hydrox.de/methanor solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
1 r, } I qU,d WaS sut, j ected t0 reaction at 40°C for 10 minutes to yield a gel. The gel was pulverized 

and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours Thereafter the 
reaction , m.xture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 ,000 parts 
by we.ght of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
y ene-v,nyl acetate copolymer of 0.5 mole %, an amount of remaining sodium acetate of 0.5% by weight and an amount 
o S. a om of 2.5 moles based on 100 moles of the acyl group originating from the vinyl carboxylate unit The vinyl 
alcohol polymer composition (l) was disso|ved jn djstj||ed wgter tQ an ^ V 

15 concentration of 1 0% by weight. 

[0121] Next, 129 parts by weight of tetramethoxysilane was dissolved in 90 parts by weight of methanol To the 
solu ion 21 parts by weight of distilled water and 8.5 parts by weight of 1 N-hydrochloric acid were added to prepare 
a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 200 
parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 
10 /o aqueous vinyl alcohol polymer composition (I) solution. After the addition, 1N-hydrochloricacid was used to adjust 
the pH at about 3. The resulting mixed solution showed a storage stability as shown in Table 4 
[0122] The mixed solution was allowed to stand at 25»C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 urn with a bar coaler to a thickness after drying of 2 am The 
films wore driec at 80»C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 um/12 u m) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 4. 

Example 1 5 

30 r 0 ^ 1 o/T^^ WaS ^ sso,ved ; 00 P arts b V wei 9ht of an ethylene-vinyl acetate copolymer (ratio of ethylene modification 
L^t ft J 3 "'"! 3 gr , B& po| y meri2ation of 500 'n 120 parts by weight of methanol. To the solution 4.3 parts by 
weight of tetramethoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4%sodium 
hydroxide/methanol solut,on was added to the mixture with stirring, to prepare a reaction liquid having a water content 

III i 1K y r' 9 rt I qU L T sub j ected t0 reaction at 40 °C for 1 0 minutes to yield a gel. The gel was pulverized 
and in 1 ,500 parts by we.ght of methanol, further permitted to continue reaction at 60°C for 4 hours Thereafter the 
react,on mixture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 ,000 parts 
SrZft T* andvac f uum dried at 65<,C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 

T?T CO t P °T er ? °- 8 < m ° le % ' a " am ° Unt ° f remaining Sodium acetate of 0 2% b V wei 9ht «>d an amount 
!™L , aSe ?° n 100 m °' eS ° f the aCyl group ™&™^9 from the vinyl carboxylate unit. The vinyl 

ctrrr:; ^t^. was disso,ved in dis,i,ied water to - an a — 

[0124] Next, 129 parts by weight of tetramethoxysilane was dissolved in 90 parts by weight of methanol To the 
solu i on 21 parts by weight of distilled water and 8.5 parts by weight of 1 N-hydrochloric acid were added to prepare 
a sol The sol was subjected to reaction with stirring at 40»C for 1 hour. The sol thus obtained was diluted with 200 
parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 
10 /o aqueous vinyl alcohol polymer composition (I) solution. After the addition, ^ N-hydrochloric acid was used to adjust 
the pH at about 3. The resulting mixed solution showed a storage stability as shown in Table 4 
[0125] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 urn with a bar coaler to a thickness after drying of 2 urn The 
f,lms were dned * 80-C for 5 minutes and then heat treated at 1 60°C for 5 minutes, to give viny^ aLhol pTlymer 
composrtion ,l)/OPET (2 um/12 u m) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 4. 

55 Example 16 

8 mole /o) having a degree of polymerization of 500 in 120 parts by weight of methanol. To the solution 4.3 parts by 
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weight of tetrameihoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4% sodium 
hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
of 2.0% by weight. The liquid was subjected to reaction at 40°C for 10 minutes to yield a gel. The gel was pulverized 
and, in 1 .500 pans by weight of methanol, further permitted to continue reaction at 60°C for 4 hours. Thereafter the 
reaction mixture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 000 parts 
by weigm oi metnanoi. ano vacuum dried at b b"C lor 24 hours to remove the so l vent, to yield a viny l a l coho l po l ymfef 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
ylene-vinyl acetate copolymer of 1 .3 mole %, an amount of remaining sodium acetate of 0.2% by weight and an amount 
of Si atom of 2.5 moles based on 100 moles of the acyl group originating from the vinyl carboxylate unit The vinyl 
alcohol polymer composition (I) was dissolved in distilled water to give an aqueous solution having a solid matter 
concentration of 10% by weight. 

[0127] Next. 84.5 parts by weight of tetrameihoxysilane was dissolved in 84.5 parts by weight of methanol To the 
solution, 1 9.9 pans by weight of distilled water and 2.8 parts by weight of 1 N- hydrochloric acid were added to prepare 
a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 200 
parts by weight ol distilled water and, quickly thereafter, the obtained mixture was added, with stirring to the above 
10% aqueous vinyl alcohol polymer composition (I) solution. Afterthe addition, 1 N-hydrochloric acid was used to adjust 
the pH at about 3. The resulting mixed solution showed a storage stability as shown in Table 4. 
[0128] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days. The two solutions were 
each applied onto an OPET having a thickness of 12 urn with a bar coaler to a thickness after drying of 2 urn The 
films were dried al 80'C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 um/12 u m) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 4. 

Example 17 

[01 29] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification ■ 
8 mole %) having a degree of polymerization of 500 in 120 parts by weight of methanol. To the solution 8 6 parts by 
weight of tetrameihoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4% sodium 
hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
of 4.0% by weight. The liquid was subjected to reaction at 40°C for 1 0 minutes to yield a gel. The gel was pulverized 
and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours Thereafter the 
reaction mixture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 000 parts 
by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
ylene-vinyl acetate copolymer of 1 .9 mole %, an amount of remaining sodium acetate of 0.2% by weight and an amount 
of Si atom of 5.0 moles based on 100 moles of the acyl group originating from the vinyl carboxylate unit The vinyl 
alcohol polymer composition (I) was dissolved in distilled water to give an aqueous solution havinq a solid matter 
concentration of 10% by weight. 

[0130] Next, 80.3 parts by weight of tetrameihoxysilane was dissolved in 80.3 parts by weight of methanol To the 
solution, 1 9.0 parts by weight of distilled water and 2.6 parts by weight of 1 N-hydrochloric acid were added to prepare 
a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 200 
parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring to the above 
10% aqueous vinyl alcohol polymer composition (I) solution. Afterthe addition, 1 N-hydrochloric acid was used to adjust 
the pH at about 3. The resulting mixed solution showed a storage stability as shown in Table 4 
45 [01 31] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 urn with a bar coater to a thickness after drying of 2 urn The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 um/12 n m) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 4. 
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Example 18 



[0132] There was dissolved 1 00 partsby weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification- 
8 mole %) having a degree of polymerization of 500 in 120 parts by weight of methanol. To the solution 4 3 parts by 
weight of tetrameihoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4% sodium 
hydrox.de/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
of 0.5% by weight. The liquid was subjected to reaction at 40°C for 10 minutes to yield a gel. The gel was pulverized 
and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours Thereafter the 
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reaction mixture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 ,000 parts 
by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
ylene-vinyl acetate copolymer of 0.6 mole %, an amount of remaining sodium acetate of 0.4% by weight and an amount 
of Si atom of 2.5 moles based on 100 moles of the acyl group originating from the vinyl carboxylate unit. The vinyl 
alcohol polymer composition (I) was dissolved in distilled water to give an aqueous solution having a solid matter 
concentration of 1 0% by weight. 

[0133] Next, 129 parts by weight of tetramethoxysilane was dissolved in 90 parts by weight of methanol. To the 
solution, 21 parts by weight of distilled water and 8.5 parts by weight of 1 N-hydrochloric acid were added, to prepare 
a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 200 
parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 
10% aqueous vinyl alcohol polymer composition (I) solution. Immediately after the addition, 200 parts by weight of a 
1 0% by weight aqueous solution of a polyacrylic acid (made by Wako Pure Chemical Industries, Ltd. ; average molecular 
weight: 25,000) was added with stirring. After the addition, 1 N-hydrochloric acid was used to adjust the pH at about 3 
The resulting mixed solution showed a storage stability as shown in Table 4. 

[0134] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days. The two solutions were 
each applied onto an OPET having a thickness of 12 u.m with a bar coater to a thickness after drying of 2 um The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 u.m/12 m) laminates with a colorless, transparent coating film having a good appearance. 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 4. 

Example 1 9 

[01 35] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification: 
8 mole %) having a degree of polymerization of 500 in 120 parts by weight of methanol. To the solution 4.3 parts by 
weight of tetramethoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4% sodium 
hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
of 0.5% by weight. The liquid was subjected to reaction at 40°C for 1 0 minutes to yield a gel. The gel was pulverized 
and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours. Thereafter, the 
reaction mixture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 ,000 parts 
by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
ylene-vinyl acetate copolymer of 0.6 mole %, an amount of remaining sodium acetate of 0.4% by weight and an amount 
of Si atom of 2.5 moles based on 100 moles of the acyl group originating from the vinyl carboxylate unit. The vinyl 
alcohol polymer composition (I) was dissolved in distilled water to give an aqueous solution having a solid matter 
concentration of 1 0% by weight. 

[0136] Next, 129 parts by weight of tetramethoxysilane was dissolved in 90 parts by weight of methanol. To the 
solution, 21 parts by weight of distilled water and 8.5 parts by weight of 1 N-hydrochloric acid were added, to prepare 
a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 200 
parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 
10% aqueous vinyl alcohol polymer composition (I) solution. Immediately after the addition, 200 parts by weight of a 
1 0% aqueous solution of a maleic anhydride-methyl vinyl ether alternate copolymer (GANTREZ AN11 9: made by ISP 
Co.) was added with stirring. After the addition, 1 N-hydrochloric acid was used to adjust the pH at about 3. The resulting 
mixed solution showed a storage stability as shown in Table 4. 

[0137] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days. The two solutions were 
each applied onto an OPET having a thickness of 12 ujti with a bar coater to a thickness after drying of 2 urn The 
films were dried at 80°C for 5 minutes and then heat treated at 160*C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 ^im/12 u. m) laminates with a colorless, transparent coating film having a good appearance. 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 4. 

Example 20 

[0138] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification- 
8 mole %) having a degree of polymerization of 500 in 120 parts by weight of methanol. To the solution 4.3 parts by 
weight of tetramethoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4% sodium 
hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
of 0.5% by weight. The liquid was subjected to reaction at 40°C for 10 minutes to yield a gel. The gel was pulverized 
and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours. Thereafter the 
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reaction mixture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 000 parts 
by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
ylene-vmyl acetate copolymer of 0.6 mole %, an amount of remaining sodium acetate of 0.5% by weight and an amount 
__ofSiatom of 2.5 moles based on 100 moles of the acyl group originating from the vinyl carboxylate unit The vinvl 
alcohol po.ymer composition (I) was dis solved in ctetHled water to give at. aquebus so l u tion having a so l id matter 
concentration of 1 0% by weight. 

[0139] Next, 129 parts by weight of tetramethoxysilane was dissolved in 90 parts by weight of methanol To the 
solution, 21 parts by weight of distilled water and 8.5 parts by weight of 1 N-hydrochloric acid were added to prepare 
a sol. The sol was subjected to reaction with stirring at 40»C for 1 hour. The sol thus obtained was diluted with 200 
parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring to the above 
10% aqueous vinyl alcohol polymer composition (I) solution. Immediately after the addition, 20 parts by weight of a 
10% aqueous solution of a synthetic mica (SOMASIF ME-100; made by CO-OP Chemical Co., Ltd.) was added with 
stirring^ After the addition, 1 N-hydrochloric acid was used to adjust the pH at about 3. The resulting mixed solution 
showed a storage stability as shown in Table 4. 

[0140] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 pm with a bar coater to a thickness after drying of 2 urn The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 um/12 p m) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 4. 

Example 21 

[01 41 ] There was dissolved 1 00 parts by weight of an ethylene-vi nyl acetate copolymer (ratio of ethylene modification- 
8 mole %) having a degree of polymerization of 500 in 120 parts by weight of methanol. To the solution 4 3 parts bv 
weight of tetramethoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4% sodium 

, y ^o,' d u e/methan01 S0 ' Uti0n WaS 3dded t0 ,hS miXtUre With stirrin 9- t0 P re P are a reaction "q^'d having a water content 
of 0.5 /» by weight. The liquid was subjected to reaction at 40°C for 1 0 minutes to yield a gel. The gel was pulverized 
and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours Thereafter the 
reaction mixture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 000 parts 
by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
y ene-v.nyl acetate copolymer of 0 .6 mole %, an amount of remaining sodium acetate of 0.4% by weight and an amount 
of Si i g g atom of 2.5 moles based on 1 00 moles of the acyl group originating from the vinyl carboxylate unit The vinvl 
alcohol polymer composition (I) was dissolved in distilled water to give an aqueous solution having a solid matter 
concentration of 10% by weight. 

[0142] Next, 129 parts by weight of tetramethoxysilane was dissolved in 90 parts by weight of methanol To the 
solution 21 parts by weight of distilled water and 8.5 parts by weight of 1 N-hydrochloric acid were added to prepare 
a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 200 
parts by we.ght of distilled water and, quickly thereafter, the obtained mixture was added, with stirring, to the above 
10 /o aqueous vinyl alcohol polymer composition (I) solution. Immediately after the addition, 100 parts by weight of a 
1 0 /„ aqueous solution of a synthetic mica (SOMASIF ME-1 00) was added with stirring. After the addition 1 N-hydro- 
chloncacid was used to adjust the pH at about 3. The resulting mixed solution showed a storage stability as shown in. 

[0143] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 pm with a bar coater to a thickness after drying of 2 urn The 
films were dried at 80°C for 5 minutes and then heat treated at 160»C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 pm/12 p m) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 4 



10 



15 



20 



25 



30 



35 



40 



50 



55 



Example 22 



[01 44] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification • 
8 mole %) having a degree of polymerization of 500 in 120 parts by weight of methanol. To the solution 4 3 parts by 
weight of tetramethoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4% sodium 
hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
of 0.5 /o by weight. The liquid was subjected to reaction at 40°C for 1 0 minutes to yield a gel. The gel was pulverized 
and, in 1,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours Thereafter the 
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react.on mixture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 000 parts 
by weight of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
ylene- vinyl acetate copolymer of 0.6 mole %, an amount of remaining sodium acetate of 0.4% by weight and an amou nt 
5 of Si atom of 2.5 moles based on 100 moles of the acyl group originating from the vinyl carboxylate unit The vinyl 
alcohol polymer composition (I) was dissolved in distilled water to give an aqueous solution having a solid matter 
concentration of 1 0% by weight. 

[0145] Next, 10.5 parts by weight of tetramethoxysilane was dissolved in 10.5 parts by weight of methanol To the 
solut.on, 2.5 parts by weight of distilled water and 0.07 part by weight of 1 N-hydrochloric acid were added to prepare 
10 a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 200 
parts by weignt oi aist.lled water and, quickly thereafter, the obtained mixture was added, with stirring to the above 
10% aqueous v.nyl alcohol polymer composition (I) solution. Afterthe addition, 1 N-hydrochloric acid was used to adjust 
the pH at about 3. The resulting mixed solution showed a storage stability as shown in Table 4 
[0146] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 p,m with a bar coater to a thickness after drying of 2 urn The 
films were dned at 80»C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 p.m/12 n m) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 4. 

20 Example 23 

[01 47] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification- 
8 mole %) havmg a degree of polymerization of 500 in 120 parts by weight of methanol. To the solution 4 3 parts by 
weight of tetramethoxysilane and a small amount of distilled water were added, and 67 parts by weight of a 4% sodium 
hydroxide/methanol solution was added to the mixture with stirring, to prepare a reaction liquid having a water content 
of 0.5% by w ei ght. The liquid was subjected to reaction at 40°C for 1 0 minutes to yield a gel. The gel was pulverized 
and, in 1 ,500 parts by weight of methanol, further permitted to continue reaction at 60°C for 4 hours Thereafter the 
react.on m.xture was neutralized by adding 6.0 parts by weight of methyl acetate and washing 3 times with 1 000 parts 
by we.ght of methanol, and vacuum dried at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer 
composition (I) having a ratio of remaining acyl group originating from the vinyl carboxylate unit contained in the eth- 
y ene-vinyl acetate copolymer of 0.6 mole %, an amount of remaining sodium acetate of 0.5% by weight and an amount 
o Si atom of 2.5 moles based on 100 moles of the acyl group originating from the vinyl carboxylate unit. The vinyl 
alcohol polymer composition (I) was dissolved in distilled water to give an aqueous solution having a solid matter 
concentration of 10% by weight. 

[0148] Next, 129 parts by weight of tetramethoxysilane was dissolved in 90 parts by weight of methanol Quickly 
hereafter, the obtained solution was added, with stirring, to the above 1 0% aqueous vinyl alcohol polymer composition 
(I) solution. After the addition, 1 N-hydrochloric acid was used to adjust the pH at about 3. The resulting mixed solution 
showed a storage stability as shown in Table 4. 

[0149] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 urn with a bar coater to a thickness after drying of 2 urn The 
films were dried at 80°C for 5 minutes and then heat treated at 160'C for 5 minutes, to give vinyl alcohol polymer 
composition (ll)/OPET (2 nm/12 u m) laminates with a colorless, transparent coating film having a good appearance 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 4 
[0150] The compositions and conditions employed in Examples 14 through 23 are summarized in Table 3 
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[0151] With the items contained in "The 1st step" in Tables 1 and 3, "Metal a Ikoxide component (I)" means the amount 
of the metal alkoxide component (I) used on saponification of the vinyl carboxylate polymer used in the first step, in 
terms of the moles of metal atom contained in the metal alkoxide component (I) based on 1 00 moles of the acryl group 
originating from the vinyl carboxylate unit present in the vinyl carboxylate polymer; "Water content" means the water 

5 content in the reaction mixture in % by weight; "Ratio of remaining acyl group" means the molar fraction (mole %) of 

the ac yl gr oup rema i n i ng i n the v i ny l a l co ti o l po l y m e r contained nn the vinyl alcohol polymer compositional) obtai ne d 

by the saponification, based on the moles of the acyl group originally present in the vinyl carboxylate polymer used; 
and "Content of carboxylic acid salt" means the amount of the carboxylic acid salt in the carboxylic acid-based com- 
pounds byproduced by the saponification, in terms of the weight ratio (% by weight) in the vinyl alcohol polymer com- 

10 position (I) obtained by removal of the solvent after the saponification. 

[0152] Further in Tables 1 and 3, "Total metal alkoxide component" means the total amount in moles of the metal 
alkoxide components used; "Metal alkoxide (H)/(l)" means the ratio between the moles of the metal atom present in 
the metal alkoxide component (II) and the moles of the metal atom present in the metal alkoxide component (I); and 
"Weight after removal of organic components" means the weight of the vinyl alcohol polymer composition (II) after 

15 removal by thermal decomposition of organic components, in terms of ratio by weight (% by weight) based on the 
weight after vacuum drying and before the thermal decomposition. 

[0153] In the items for "Storage stability" of Tables 2 and 4, the column "25°C*1 day" shows the evaluation of the 
solution viscosity after the solution has been allowed to stand at 25°C for 1 day; the column "25°C*10 days" shows 
the evaluation of the solution viscosity after the solution has been allowed to stand at 25°C for 10 days; the column 
20 "50°C*1 0 days" shows the evaluation of the solution viscosity after the solution has been allowed to stand at 50°C for 
10 days; and the column "50°C*30 days" shows the evaluation of the solution viscosity after the solution has been 
allowed to stand at 50°C for 30 days. "Coated base film" means the material of the base film used on production of 
the laminate. In the item "Barrier properties", the column "20°C*95% RH" shows the oxygen transmission rate deter- 
mined at 20°C and 95% RH in the unit "cc • 20 uxn/m 2 • 24 hr - atm". 

25 

Comparative Example 1 

[0154] An ethylene-vinyl alcohol copolymer (ethylene modification ratio: 32 mole %, degree of saponification: 99.8 
mole %, sodium acetate content: 0.2% by weight) was dissolved in a mixed distilled water/isopropanol solution (ratio 

30 by weight: 50/50) to a solid matter concentration of 10% by weight. The solution was evaluated for storage stability. 
The results are shown in Table 6. The solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two 
solutions were each applied onto an OPET having a thickness of 12 urn with a bar coater to a thickness after drying 
of 2 urn. The films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give ethylene- 
vinyl alcohol copolymer composition /OPET (2u, m/12 urn) laminates with a colorless, transparent coating film having 

35 a good appearance. The results of evaluation on the gas-barrier properties of the obtained laminates are shown in 
Table 6. 

Comparative Example 2 

40 [0155] There was dissolved 18.5 parts by weight of a polyvinyl acetate having a degree of polymerization of 1 ,700 
in 200 parts by weight of methanol. To the solution 1.26 parts by weight of tetramethoxysilane, a small amount of 
distilled water and 1 .0 part by weight of 1 N-hydrochloric acid were added, to prepare a reaction liquid, a sol, having a 
water content of 0.7% by weight. Part of the sol was taken out and evaluated for storage stability. The results are shown 
in Table 6. 

45 [0156] The sol was allowed to stand at 25°C for 1 day or at 40°C for 10 days. The two sols were each flown into a 
flat-bottomed polytetrafluoroethylene (TEFLON, made by du Pont Co.) container to a thickness after drying of 2 urn 
The top open part of the container was covered with a polyvinylidene chloride film (SARAN WRAP, made by Asahi 
Kasei Co., Ltd.) and the contents were permitted to continue reaction at 60°C for 4 hours. Thereafter the covering film 
was perforated with a needle to a perforation ratio by area of 1%, and the reaction was further continued at 60°C for 

so 8 hours, to obtain single-layer films having aggregates nearthe surface, the films being colorless, transparent though. 
The vinyl alcohol polymer composition showed a ratio of remaining acyl group originating from the vinyl carboxylate 
unit contained in the polyvinyl acetate of 5 mole % and an amount of remaining carboxylic acid salt of 0%. The results 
of evaluation on the obtained single-layer films are shown in Table 6. 

55 Comparative Example 3 

[0157] There was dissolved 100 parts by weight of a modified polyvinyl alcohol copolymerized with 0.5 mole % of 
vinyltrimethoxysilane and having a degree of polymerization of 550, a degree of saponification of 99.0 mole % and an 
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15 



amount of remaining cartooxylic acid salt of 0% in distilled water to a solid matter concentration of 10% by weight 
[01 58] Next. 232 parts by weight of tetraethoxysilane was dissolved in 300 parts by weight of ethanol. To the solution 
28 parts by weight of distilled water and 11 .1 parts by weight of 1N-hydrochloric acid were added to prepare a sol' 
The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was added with stirring to the 
above 1 0".. aqueous vinyl alcohol polymer composition solution. The resulting mixed solution showed a storage stability 
as shown in Table 6. The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 10 days The two 
solutions wore each applied onto an OPET having a thickness of 12 jim with a bar coater to a thickness after drying 
ol 2 (i m Tho films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol 
polymer composmon/OPET (2 um/12 urn) laminates with a colorless, transparent coating film having a good appear- 
ance The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 6. 

Comparative Example 4 

[01 59] There was dissolved 1 00 parts by weight of a polyvinyl alcohol having a degree of polymerization of 550 a 
degree of sapomlicat.on ol 99.0 mole % and an amount of remaining sodium acetate of 0.5% by weight in 900 parts 
by weight of dimcthylacetamide. To the solution 3.3 parts by weight of triethoxychlorosilane and 0 5 part by weight of 
pynd.ne were added, and the mixture was reacted with stirring at room temperature for 3 hours. The resulting mixture 
was reprecipitated from acetone, to yield a polyvinyl alcohol modified with 1 mole % of silyl group. The modified polyvinyl 
alcohol polymer thus obtained was dissolved in a mixed distilled water/methanol solution (ratio by weight- 50/50) to 
20 give a solution. ' 

[0160] Next. 232 parts by weight of tetraethoxysilane was dissolved in 300 parts by weight of ethanol. To the solution 
28 parts by weight of distilled water and 11.1 parts by weight of 1N-hydrochloric acid were added to prepare a sol' 
The sol was subjected to reaction with stirring at 40»C for 1 hour. The sol thus obtained was added with stirring to the 
above 1 0% aqueous vinyl alcohol polymer composition solution. The resulting mixed solution showed a storage stability 
2s as shown in Table 6. * 

[0161] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 ixm with a bar coater to a thickness after drying of 2 urn The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composition/OPET (2 um/12 R m) laminates with a colorless, transparent coating film having a good appearance The 
results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 6. 

Comparative Example 5 

[0162] There was dissolved 1 00 parts by weight of an ethylene-vinyl acetate copolymer (ratio of ethylene modification- 
8 mole /o) having a degree of polymerization of 500 in 120 parts by weight of methanol. To the solution a small amount 
of distilled water was added, and 67 parts by weight of a 4% sodium hydroxide/methanol solution was added to the 
mixture w.th stirring, to prepare a reaction liquid having a water content of 0.09% by weight. The liquid was subjected 
to reaction at 40°C for 10 minutes to yield a gel. The gel was pulverized and, in 1,500 parts by weight of methanol 
further permitted to continue reaction at 60°C for 4 hours. Thereafter, the reaction mixture was neutralized by adding 
6.0 parts by weight of methyl acetate and washing 3 times with 1 ,000 parts by weight of methanol, and vacuum dried 
at 65°C for 24 hours to remove the solvent, to yield a vinyl alcohol polymer composition having a ratio of remaining 
acyl group originating from the vinyl carboxylate unit contained in the ethylene-vinyl acetate copolymer of 1 mole % 
and an amount of remaining sodium acetate of 0.5% by weight. The vinyl alcohol polymer composition was dissolved 
in distilled water to give an aqueous solution having a solid matter concentration of 10% by weight 
[0163] Next, 129 parts by weight of tetramethoxysilane was dissolved in 90 parts by weight of methanol To the 
solution, 21 parts by weight of distilled water and 8.5 parts by weight of 1N-hydrochloric acid were added to prepare 
a sol. The sol was subjected to reaction with stirring at 40°C for 1 hour. The sol thus obtained was diluted with 200 
parts by weight of distilled water and, quickly thereafter, the obtained mixture was added, with stirring to the above 
1 0% aqueous vinyl alcohol polymer composition solution. After the addition, 1 N-hydrochloric acid was used to adjust 
the pH at about 3. The resulting mixed solution showed a storage stability as shown in Table 6 
[0164] The mixed solution was allowed to stand at 25°C for 1 day or at 40°C for 1 0 days. The two solutions were 
each applied onto an OPET having a thickness of 12 jxm with a bar coater to a thickness after drying of 2 urn The 
films were dried at 80°C for 5 minutes and then heat treated at 160°C for 5 minutes, to give vinyl alcohol polymer 
composit.on/OPET (2 um/12 um) laminates with a colorless, transparent coating film having a good appearance The 
results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 6. 
[0165] The compositions and conditions employed in Comparative Examples 1 through 5 are summarized in Table 5 
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Table 5 





Example 


Comp. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


Comp. Ex. 5 


5 


The 1 st step 


Metal alkoxide 

nnmpnnpnt (!) 




TMOS 












per 2 mole) 












10 




Degree of 
polymerization 




1700 






500 




Ratio of ethylene 
modification (mole 
%) 




0 


- 


- 


8 


15 




Water content (% 
by weight) 


- 


0.7 


- 


- 


0.09 






Ratio of remaining 
acyl group (mole 

%) 










1 


20 




Content of 
carboxylic acid salt 
(% by weight) 


- 


0 


- 


- 


0.5 




pH of solution (C) 










3.0 


25 


Layered clay compound (parts by 
weight) 


- 


- 


- 


- 






Crosslinking agent (parts by weight) 


- 


- 


- 


- 


- 




Total metal alkoxide component 
(*10-2 mole) 




3.9 


50 


50 


85.4 




Weight after removal of organic 
components (% by weight) 


0 


5 


40 


41 


50 


35 










Table 6 










Example 


Comp. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


Comp. Ex. 5 




Storage 




25°C*1 day 


® 


O 


O 


O 


® 


40 


stability 




25°C*10 days 


® 


X 


X 


X 


® 








50°C*10 days 


® 


X 


X 


X 


O 








50°C*30 days 


® 


X 


X 


X 


o 




Appearance 


O 


X 


o 


o 


X 


45 


Coated base film 


OPET 




OPET 


OPET 


OPET 




Barrier 




20°C*95% RH 


10 


1.2 


2.2 


2.8 


1.5 


50 


properties 




Property 
unevenness 


0/10 


10/10 


10/10 


10/10 


10/10 






Bending 
resistance 


0/100 


0/100 


1/100 


13/100 


93/100 



[0166] In Tables 5 and*6, "Metal alkoxide component (I)", "Water content", "Ratio of remaining acyl group", "Content 
of carboxylic acid salt", 'Total metal alkoxide component", "25°C *1 day", "25°C *10 days", "50°C*1 0 days", "50°C*30 
days", "Coated base film" and "20°C*95% RH" mean the same as described for Tables 1 through 4. "Weight after 
removal of organic components" means, for the vinyl alcohol polymer composition to be used for producing single- 
layer films or laminates, the weight of the vinyl alcohol polymer composition after removal by thermal decomposition 
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of organic components, in terms of ratio by weight (% by weight) based on the weight after vacuum drying and before 
the thermal decomposition. 

Example 24 

5 

[0167] Example 1 was repeated except that the mixed solution was, after standing at 25°C for 1 day or at 40°C for 
10 days, applied onto, instead of the OPET, an oriented Ny6 film (hereinafter sometimes referred to as "ONy6", to 
obtain vinyl alcohol polymer composition (ll)/ONy6 (2^un/12 u,m) laminates with a colorless, transparent coating film 
having a good appearance. The results of evaluation on the gas-barrier properties of the obtained laminates are shown 
to jn Table 7. 

Example 25 

[0168] Example 2 was repeated except that the mixed solution was, after standing at 25°C for 1 day or at 40°C for 
is 10 days, applied onto, instead of the OPET, an unoriented PP film (hereinafter sometimes referred to as M CPP") and 
that thereafter the coated object was subjected to, after drying at 80*C for 5 minutes, instead of heat- treatment at 
1 60°C for 5 minutes, heat treatment at 80°C for 5 minutes under UV irradiation with a low-pressure mercury lamp, to 
obtain vinyl alcohol polymer composition (ll)/CPP (2 jim/60 urn) laminates with a colorless, transparent coating film 
having a good appearance. The results of evaluation on the gas-barrier properties of the obtained laminates are shown 
20 in Table 7. 

Example 26 

[0169] A CPP was dry laminated onto each of the vinyl alcohol polymer composition (ll)/OPET (2urn/1 2u,m) laminates 
25 obtained in Example 2, to obtain CPP/vinyl alcohol polymer composition (ll)/OPET (60 ujn/2 um/12 ujn) laminates. 
The results of evaluation on the gas-barrier properties of the obtained laminates are shown in Table 7. 

Example 27 

30 [0170] A PE film and paper (kraft paper, 200 g/m2) were dry laminated onto each of the laminates comprising the 
vinyl alcohol polymer composition (ll)/OPET (2 ujti/12 urn) and obtained in Example 2, to obtain laminates comprising 
PE/paper/vinyl alcohol polymer composition (ll)/OPET/PE (20 jim/100 jim/2 u,m/12 u,m/20 ujn). The results of evalu- 
ation on the gas-barrier properties of the obtained laminates are shown in Table 7. 

35 Example 28 

[0171] A CPP was dry laminated onto each of the single-layer films comprising the vinyl alcohol polymer composition 
(II) and obtained in Example 12, to obtain laminates comprising CPP/vinyl alcohol polymer composition (ll)/CPP (60 
u,m/100 ujn/60 ujti). The results of evaluation on the gas-barrier properties of the obtained laminates are shown in 
*o Table 7. 

Example 29 

[0172] An ONy6 and a CPP were dry laminated onto each of the laminates comprising the vinyl alcohol polymer 
45 composition (ll)/OPET (2 u.m/12 fim) and obtained in Example 2, to obtain laminates comprising OPET/vinyl alcohol 
polymer composition (H)/ONy6/CPP (12 ujn/2 u.m/20 *im/60 ujt.). The results of evaluation on the gas-barrier properties 
of the obtained laminates are shown in Table 7. 

Example 30 

50 

[0173] A CPP was dry laminated onto each of the laminates comprising the vinyl alcohol polymer composition (II)/ 
ONy6 (2 ujW12 n m) and obtained in Example 24, to obtain laminates comprising ONy6/vinyl alcohol polymer compo- 
sition (H)/CPP (20 u.m/2 u. m/60 urn). The results of evaluation on the gas-barrier properties of the obtained laminates 
are shown in Table 7. 

55 

Example 31 

[0174] An ONy6 and a CPP were dry laminated onto each of the laminates comprising the vinyl alcohol polymer 
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composition (U)/OPET (2 um/12 urn) and obtained in Example 2, to obtain laminates comprising ONy6/vinyl alcohol 
polymer composition (ll)/OPET/CPP (20 \ixrJ2 ujti/1 2 p.m/60 ujti). The results of evaluation on the gas-barrier properties 
of the obtained laminates are shown in Table 7. 
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[0175] In the above Table 7, "20°C*95% Rf-T means the same as explained for Table 2. "Vinyl alcohol polymer 
composition (II)" means the Example in which the vinyl alcohol polymer composition (II) constituting the laminate has 
been prepared. "Layer construction" means the materials constituting the laminate, and 'Thickness construction" the 
thicknesses of the materials. 

5 [0176] It is understood from the results shown in Tables 1 through 7, that the reaction solutions comprising the vinyl 

alcohol polymer compositions and obtained In Examples 1 th?ough 23 accordingro-the present invemioTrrrcrcnilylTaw 

good storage stability but provide, when applied on bases : coating films having good appearance. It is also understood 
that the obtained coating films have excellent gas-barrier properties, in particular excellent gas-barrier properties under 
high-humidity conditions, while suffering from little unevenness which may occur after long storage of the solutions, 

10 and show little decrease in the gas-barrier properties even after exposure to repeated bending. It is further understood 
that the laminates obtained in Examples 24 through 31 according to the present invention not only have excellent gas- 
barrier properties, but also show little property unevenness which may occur after long storage, as well as little decrease 
in the gas-barrier properties even after exposure to repeated bending. 

[01 77] On the other hand, it is also understood that Comparative Examples all failed to achieve good storage stability 
15 and good gas-barrier properties at the same time, these Comparative Examples deviating from the present invention 
in the following points. That is, Comparative Example 1 used no metal alkoxide component and Comparative Example 
2 used one only in the first step, whereas the present invention comprises addition of a metal alkoxide component both 
in the step of saponification of a vinyl carboxylate polymer and to the reaction mixture. Comparative Example 3 com- 
prised, instead of adding a metal alkoxide in the first step, using a silyl-modified polyvinyl alcohol. Comparative Example 
20 4 comprised, instead of adding a metal alkoxide in the first step, modifying a polyvinyl alcohol with a chlorosilane 
compound. Comparative Example 5 comprised adding a metal alkoxide component only in the second step. 
[0178] The vinyl alcohol polymer compositions obtained by the present invention are improved not only in the gas- 
barrier properties under high-humidity conditions that have been insufficient with conventional vinyl alcohol polymers 
but also in the property unevenness, bending resistance and storage stability in the form of solutions that have been 
25 insufficient with conventional vinyl alcohol polymer compositions. The vinyl alcohol polymer compositions of the present 
invention can therefore be effectively used as packaging materials for foods, medicines, medical appliances, machine 
parts, clothing and the like, in particular for packaging foods, which use requires good gas-barrier properties under 
high-humidity conditions. 

[01 79] Although the present invention has been fully described in connection with the preferred embodiments thereof, 
30 those skilled in the art will readily conceive of numerous changes and modifications within the framework of obviousness 
upon the reading of the specification herein presented of the present invention. Accordingly, such changes and mod- 
ifications are, unless they depart from the scope of the present invention as delivered from the claims annexed thereto, 
to be construed as included therein. 

[0180] Japanese Patent Application 229459/2000 is hereby incorporated by reference. 
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Claims 

1 . A process for producing vinyl alcohol polymer compositions, which comprises: 

40 

the first step of simultaneously effecting, in a reaction liquid comprising a solution containing a vinyl carboxylate 
polymer and, added to the solution, a first metal alkoxide (I) and/or an oligomer (I) derived from the metal 
alkoxide (I), saponification of said vinyl carboxylate polymer and reaction in which at least part of the functional 
groups contained in said metal alkoxide (I) and/or oligomer (I) participates, to obtain a vinyl alcohol polymer 

45 composition (I); and 

the second step of preparing a solution (A) containing the vinyl alcohol polymer composition (I) obtained in 
the first step, adding to the solution (A) a second metal alkoxide (II) and/or an oligomer (II) derived from the 
metal alkoxide (II) or another solution (B) containing the metal alkoxide (II) and/or the oligomer (II) derived 
from the metal alkoxide (II), to prepare an intermediate product solution (C), and then removing the solvent 

so from the obtained solution (C) : to produce a vinyl alcohol polymer composition (II). 

2. The process for producing vinyl alcohol polymer compositions according to Claim 1 , wherein on simultaneously 
effecting, in the first step, the saponification of the vinyl carboxylate polymer and the reaction in which at least part 
of the functional groups contained in said metal alkoxide (I) and/or oligomer (I) participates, water is present in the 

55 reaction mixture in an amount in a range of 300 to 200,000 ppm. 

3. The process for producing vinyl alcohol polymer compositions according to claim 1 or 2, wherein the pH of the 
solution (C) is adjusted at not more than 8.0. 
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The process for producing vinyl alcohol polymer compositions according to one or more of claims 1 to 3 wherein 
the oligomer (II) has been derived from a reaction mixture comprising the metal alkoxide (II), an acid catalyst and 

The process for producing vinyl alcohol polymer compositions according to one or more of claims 1 to 4 wherein 
the amount of the metal atom contained in the metal alkoxide (I) and/or oligomer (I) derived from the metal alkoxide 
(I) is 0.01 to 75 moles based on 100 moles of the vinyl carboxylate unit constituting the vinyl carboxylate polymer. 

The process for producing vinyl alcohol polymer compositions according to one or more of claims 1 to 5 wherein 
the weight of the vinyl alcohol polymer composition (II) after removal by thermal decomposition of organic compo- 
. lents contained .herein is 1 0 to 70% by weight of the vinyl alcohol polymer composition (II) before the removal. 

The process for producing vinyl alcohol polymer compositions according to one or more of claims 1 to 6 wherein 
° ^f tW !f " the me,al 3t0m 0) contained in the metal alkoxide (I) and/or oligomer (I) derived from the 

met: £2 So is air tXoT (,,) contained in the metal alkoxide and/or 0,igomer <"> derived fram the 

The process for producing vinyl alcohol polymer compositions according to one or more of claims 1 to 7 wherein 
the vinyl carboxylate polymer is an ethylene-vinyl carboxylate copolymer having an ethylene unit content of 0.5 to 
80 mole % of all constituting monomer units. 

The process for producing vinyl alcohol polymer compositions according to one or more of claims 1 to 8 wherein 
the vinyl carboxylate polymer has a degree of polymerization of 500 to 1 0,000. 

The process for producing vinyl alcohol polymer compositions according to one or more of claims 1 to 9, wherein 
in the first step for producing the vinyl alcohol polymer composition (I), the saponification of said vinyl carboxylate 
polymer and the reaction in which part of the functional groups contained in the metal alkoxide (I) and/or oligomer 
(I) Pupates are simultaneously effected in the presence of an alkali metal hydroxide and/or an alkali earth metal 
hydroxide and wherein the amount of the carboxylic acid salt contained in the vinyl alcohol polymer composition 
(I) is not more than 5% by weight based on the dry weight of the vinyl alcohol polymer composition (I). 

11. The process for producing vinyl alcohol polymer compositions according to one or more of claims 1 to 1 0 further 
compnsing adding a layered clay compound to the solution (C). 

12. The process for producing vinyl alcohol polymer compositions according to one or more of claims 1 to 1 1 further 
compnsing adding a crosslinking agent to the solution (C). 

13. A coating agent comprising the solution (C), that is the intermediate product in the second step of the process 
according to one or more of claims 1 to 12. 



U ' on^lT^X^lT. COmPnSin9 Viny ' a ' COh0 ' P °' ymer COmp0Sition <"> obtained b V *e process of 

45 15 " i 9 T' ba T/ To 161181 comprisin 9 ,he vin V alcoh °' P°'ymer composition (II) obtained by the process of one or more 
ot claims i to 12. 

16. The laminate according to Claim 14, having a layer construction of polyester/vinyl alcohol polymer composition 
(II), polyam.de/vinyl alcohol polymer composition (II) or polyolefin/vinyl alcohol polymer composition (II). 
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